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GENERAL  INTRODUCTION 


In  1976,  almost  50  percent  of  the  total  beef  production  was  consumed 
as  ground  beef.  This  amounted  to  approximately  11  billion  pounds.  It  is 
estimated  that  by  1980  this  figure  will  exceed  to  55  percent.  Beef  generated 
from  cattle-fed  grain  supplied  approximately  3 billion  of  the  10  billion 
pounds  of  ground  beef  derived  from  forage-fed  beef.  This  forage-fed  beef 
was  predominately  from  USDA  Utility  or  lower  grade  carcasses  or  from  im- 
ported cow  beef.  fuSDA  and  military  specifications  require  a minimum  quality 
grade  of  U.S.  Utility  on  beef  used  for  ground  beef.  In  1976,  Cross  et  al . , 
reported  that  ground  beef  prepared  from  U.S.  Utility  or  lower  grade  beef  was 
unacceptable  in  tenderness.  This  lack  of  tenderness  was  primarily  due  to 
the  amount  of  connective  tissue  in  the  product.  It  appears  that  some  system 
should  be  devised  so  that  a major  portion  of  the  connective  tissue  could  be 
removed  prior  to  formulation  into  a final  product.  This  would  ensure  a 
product  more  acceptable  in  texture.  Cross  _et  al.  (1977)  investigated  the 
effect  of  grinding  plate  size  on  textural  properties  of  ground  beef.  Their 
results  indicate  that  grinding  method  has  a significant  effect  on  tenderness 
and  amount  of  connective  tissue.  The  larger  the  initial  plate  size,  the 
tougher  the  meat  and  the  more  connective  tissue  detected  by  the  panel.  Pre- 
vious research  in  this  laboratory  (Cross  et_  al.  1977)  indicated  that  beef 
ground  in  the  conventional  manner  (3/4  x 1/8  inch)  yielded  more  detectable 
connective  tissue  than  ground  beef  prepared  with  other  methods  of  comminution. 
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Sensory  panels  found  patties  from  U.S.  Utility  or  lower  beef  to  be  un- 
acceptably tough.  Cross  e_t  al.  (1978)  investigated  a new  process  called 
"desinewing"  that  removes  most  of  the  objectionable  connective  tissue  during 
production  of  ground  beef.  These  workers  found  that  desinewing  greatly  im- 
proved the  textural  properties  of  beef  patties  produced  from  mature  beef 
animals . 

Since  ground  beef  represents  a sizeable  portion  of  the  meat  dollar,  it 
merits  more  research  attention  than  it  has  been  given.  Little  or  no  pub- 
lished data  is  available  in  the  following  areas: 

1.  The  most  suitable  method  of  comminution  for  a particular  grade  or 
cut  of  meat; 

2.  The  effect  of  temperature  of  raw  material  on  product  quality; 

3.  The  effect  of  type  and  amount  of  fat  on  product  quality; 

4.  The  most  suitable  cooking  method  and  patty  size. 

The  Meat  Science  Research  Laboratory  has  designed  studies  to  answer 
these  questions.  The  projects  were  divided  into  eight  phases  to  be  conducted 
over  a period  of  two  years.  USDA  contracted  to  complete  three  phases  (I,  II, 
and  VI)  with  the  U.S.  Army  Natick  Research  and  Development  Command.  This 
final  report  will  present  the  results  by  phase. 
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OVERALL  SUMMARY  4 CONCLUSIONS 
DESINEWING 

1.  Desinewing  with  the  0.19  cm  - 0.25  cm  stepped  head  reduced  the  Instron  shear 
force,  while  improving  sensory  panel  scores  for  all  palatability  traits 
when  compared  to  grinding. 

2.  All  four  desinewing  methods  reduced  the  amount  of  soluble,  insoluble  and 
total  collagen  in  raw  patties  when  compared  to  grinding. 

3.  Data  generated  from  this  study  indicates  that  desinewing  results  in  a 
more  acceptable  product  when  compared  to  grinding. 

4.  Desinewing  with  the  0.19  cm  head  or  the  0.19  - 0.25  cm  stepped  head 
improved  the  quality  of  chilled  Cutter-Canner  cow  when  compared  to  ground 
chilled  Cutter-Canner  beef.  On  the  other  hand,  the  palatability  of  hot 
Cutter-Canner  cow  beef  patties  was  not  improved  by  desinewing. 

5.  Desinewing  of  mature  bull  and  Cutter-Canner  cow  meat  produced  a product 
of  high  quality  (equal  to  Choice  trimmings).  Similar  results  were  ob- 
tained when  the  lean  was  ground  hot  (unchilled) . 

HOT  GROUND  BEEF 

6.  Ground  beef  patties  prepared  from  hot  processed  beef  were  more  tender  and 
juicy  than  patties  prepared  from  chilled  beef. 

7.  Total  cooking  loss  was  significantly  less  in  the  hot  processed  patties 
when  compared  to  the  chilled  patties. 

8.  Hot  processed  patties  had  less  configuration  changes  than  chilled  patties. 

9.  Ground  beef  prepared  from  hot-boned  carcasses  has  bacteriological  quality 
and  shelf-life  that  are  equal  to  or  better  than  those  of  ground  beef  pre- 
pared from  chilled  carcasses. 

FROZEN  LEAN  SOURCE 

10.  Frozen  lean  source  had  few  practical  effects  on  palatability  or  cooking 
properties . 

PATTY  SIZE 

11.  Patty  size  had  significant  effects  on  tenderness,  juiciness,  amount  of 
detectable  connective  tissue,  and  flavor  intensity.  The  3.6  oz  patties 
received  significantly  lower  ratings  in  all  of  the  aforementioned  pala- 
tability traits  when  compared  to  the  4.0  and  8.0  oz  patties. 
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PATTY  TREATMENT 


12.  Patty  treatment  (knife,  waffle,  or  plain)  did  not  enhance  any  palatability 
trait.  Untreated  patties  (plain)  were  more  tender  and  juicy  than  patties 
receiving  the  knife  or  waffle  treatment. 

13.  There  appears  to  be  no  advantage  (other  than  appearance)  to  subjecting 
the  surface  of  the  patty  to  a knife  or  waffle  treatment.  This  data 
indicates  that  these  treatments  may  actually  have  negative  effects  on 
palatability. 

GRINDING  VS  FLAKING 

14.  Neither  method  of  processing  (grind  vs  flake)  nor  state  of  product  when 
cooked  for  evaluation  (precooked  vs  frozen-raw)  exerted  a practical  effect 
on  palatability,  Instron  values,  or  cooking  characteristics  in  this  study. 

GRINDING  VS  CHOPPING 

15.  Generally,  grinding,  chopping  or  a combination  of  grinding  and  chopping 
as  the  initial  particle  reduction  system  did  not  greatly  affect  pala- 
tability, physical  or  chemical  values. 

16.  There  was  some  tendency  for  chopping  to  yield  slightly  higher  tenderness 
scores  and  less  detectable  connective  tissue  than  grinding. 

FAT  SOURCE  & FAT  LEVEL 

17.  As  the  percent  fat  increased  from  16  to  30%,  tenderness  and  juiciness 
scores  increased. 

18.  Total  cooking  losses  were  not  affected  by  fat  level. 

19.  Type  of  fat  did  not  affect  the  quality  of  ground  beef. 

STORAGE 

20.  The  9 months  storage  of  ground  beef  patties  containing  16,  20,  24,  or  30% 
fat  resulted  in  an  increased  incidence  of  off  flavors  and  reduced  tender- 
ness and  juiciness  scores.  The  effects  of  various  fat  levels  noted  at 

0 months  remained  about  the  same  at  all  successive  time  intervals. 

21.  Source  of  fat  had  no  significant  affects  on  storage  properties. 

SHELF-LIFE 

22.  Storage  time  appeared  to  exert  more  influence  on  shelf-life  than  source  of 
product  or  level  of  fat.  However,  formulations  containing  kidney  and 
brisket  fat  had  higher  bacterial  counts  when  formulated  to  24%  fat  and 
were  darker  in  color  at  the  completion  of  the  shelf-life  study. 

23.  Higher  incidences  of  off-odor  were  associated  with  higher  levels  of  fat  in 
the  product. 
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PHASE  I - PART  1 


Ob j ective : 


To  determine  the  most  suitable  method 
of  mechanical  desinewing  hot  and  chilled 
mature  cow  and  bull  beef  for  use  in  beef 
patties . 
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CHARACTERISTICS  OF  BEEF  PATTIES  AS  INFLUENCED  BY 

MECHANICAL  DESINEWING  CLASS  OF  BEEF 
TRIMMINGS  AND  HOT  VS  COLD  BONING 

Introduction 

The  consumption  of  ground  beef  has  steadily  increased  over  the  past  few 
years.  It  has  been  estimated  that  by  1980,  50%  of  the  beef  consumed  in  the 
U.S.  will  be  consumed  as  ground  beef.  Cross  et  al.  (1978b)  reported  that 
connective  tissue  was  a major  problem  associated  with  the  acceptance  of 
ground  beef.  Patties  formulated  from  Prime,  Choice,  and  Good  grade  car- 
casses were  rated  as  acceptable  for  the  palatability  traits  of  tenderness, 
connective  tissue  amount,  and  overall  acceptability  by  a sensory  evaluation 
panel  (5.0  or  above  on  a 9 point  scale).  On  the  other  hand,  patties  from 
Utility  and  Cutter  grades  were  rated  as  unacceptable  in  quality,  (4.0  or 
less  on  9 point  scale) . Since  the  major  source  of  lean  in  ground  beef  is 
derived  from  mature  animals,  it  would  be  desirable  to  improve  the  accepta- 
bility by  removing  the  connective  tissue.  Some  purchase  specifications  for 
ground  beef  do  not  presently  permit  the  use  of  mature  cow  and  bull  beef  in 
the  formulations.  A new  technique  has  been  developed  whereby  the  connective 
tissue  or  sinew  is  removed.  This  technique  is  referred  to  as  "mechanical 
desinewing."  The  objective  of  this  study  was  to  evaluate  the  effect  of 
mechanical  desinewing  versus  grinding  on  mature  bull  and  cutter-canner  cow 
beef,  plus  choice  trimmings. 
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EXPERIMENTAL 


Sixteen  formulations  of  ground  beef  were  manufactured  by  grinding  or 
desinewing  USDA  Cutter-Canner  cow  chucks,  mature  bull  chucks,  Choice  plates, 
and  Choice  trimmings.  The  raw  materials  were  purchased  at  a local  commer- 
cial packing  plant  and  trucked  to  the  Beehive  Machinery  laboratory  at  Sandy, 
Utah.  Each  raw  material  was  ground  through  a 5.1  cm  breaking  plate.  A 
random  sample  of  6.8  kg  was  taken  during  the  2 inch  break  and  finely  chopped 
for  fat  analysis  by  the  Modified  Babcock  procedure.  Fat  content  was  stan- 
dardized at  24%  fat  for  desinewed  treatments.  Previous  research  by  Cross 
et  al.  (1978)  determined  that  desinewing  removes  2-3%  of  the  fat  (Table  1). 
GRINDING 

Treatments  were  formulated  to  22.7  kg  by  mixing  the  appropriate  amount 
of  lean  and  fat  source  for  3 min.  CC>2  was  added  during  the  3 min  mix  to 
reduce  the  temperature  to  2-3  C.  Following  mixing  treatments  were  either 
ground  through  a 0.32  cm  plate  or  desinewed  through  either  a 0.19  cm  head, 

0.25  cm  head,  0.19  - 0.25  stepped  head,  or  a 0.25  cm  - 0.32  cm  stepped  head. 

All  treatments  were  then  formed  into  145  g patties  on  a Hollymatic  patty 
machine,  placed  in  a box  and  frozen  at  -26  C.  Within  2 weeks  the  boxed 
frozen  patties  were  packed  in  dry  ice  and  shipped  via  air  freight  to  Beltsville, 
Md.  Upon  arrival,  patties  were  wrapped  in  butcher  paper,  3 patties  per  pack- 
age, boxed  and  stored  at  -25°  F. 

COOKING  PROCEDURES 

Frozen  patties  were  weighed,  the  diameter  and  height  recorded,  then 
broiled  for  8 min  on  one  side  turned  and  broiled  for  6 more  min  on  the  other 
side  using  electric  Farberware  grills  (Model  450).  Immediately  following 
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broiling,  patties  were  removed  from  the  grill,  temperature  measured  with  a 
thermocouple,  re-weighed,  diameter  and  heighted  re-measured  to  determine  % 
cooking  loss,  % diameter  change  and  % height  change.  Patties  for  sensory 
panel  evaluation  were  sliced  into  eights  and  two  slices  were  served  hot  to 
each  panelist.  Patties  to  be  used  for  Instron  Universal  Shear  were  quartered, 
cooled  to  room  temperature  and  then  sheared  to  determine  total  work  and  peak 
shear  force.  Degree  of  doneness  was  evaluated  by  comparison  with  color 
photographs  immediately  after  slicing. 

CHEMICAL  PROCEDURES 

Ten  patties  per  treatment  were  thawed  until  pliable  and  then  passed 
through  a 0.32  cm  plate  followed  by  a 0.24  cm  plate.  Triplicate  samples  were 
taken  to  determine  the  % fat  and  % moisture  raw  according  to  the  AOAC 
approved  procedure.  Ten  patties  per  treatment  were  cooked  and  subjected  to 
the  above  mentioned  technique  to  determine  % fat  cooked  and  % moisture  cooked. 
Chemical  connective  tissue  amount  was  determined  according  to  the  hydroxy- 
proline  procedure  of  Hill  (1966)  employing  the  color  step  of  Bergman  and 
Loxley  (1963).  Rancidity  was  determined  by  calculating  the  TBA  number  using 
the  extraction  procedure  of  Tarladgis  et  al.  (1964).  For  the  above  mentioned 
chemical  procedures,  ten  patties  were  powdered  and  duplicate  samples  per 
treatment  were  analyzed. 

PANEL  SELECTION  AND  TRAINING 

An  eight-member  panel  was  selected  and  trained  in  descriptive  attributes 
by  the  procedures  of  Cross  et  al.  (1978).  The  panel  rated  the  following 
attributes  using  an  eight-point  structured  scale:  a)  initial  and  final  ten- 

derness, 8 = extremely  tender  and  1 = extremely  tough;  b)  juiciness,  8 = 
extremely  juicy  and  1 = extremely  dry;  c)  initial  and  final  connective  tissue 
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amount,  8 = none  and  1 = abundant;  d)  ground  beef  flavor  intensity,  8 = 
extremely  intense  and  1 = bland.  Panelists  rated  four  to  six  treatments  at 
each  of  24  sessions. 

STATISTICAL  ANALYSIS 

Specific  linear  comparisons  were  made  on  each  parameter  evaluated  to 
determine  the  effect  of  method  of  comminution  and  lean  source  on  ground  beef 
quality.  The  study  was  divided  into  three  parts,  (Table  2)  each  part  will  be 
discussed  separately. 
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RESULTS  & DISCUSSION 


PART  A:  Four  linear  comparisons  were  made.  Comparison  1 tested  the 
effect  of  desinewing  with  the  0.19  cm  head  versus  desinewing  with  the  0.25  cm 
head;  Comparison  2 tested  the  effect  of  desinewing  with  the  0.19-0.25  cm  head 
versus  desinewing  with  the  0.25-0.32  cm  head;  Comparison  3 tested  the  effect 
of  single  aperture  size  versus  double  aperture  size;  and  Comparison  4 tested 
the  effect  of  grinding  0.32  cm  versus  desinewing.  The  effect  of  source  along 
with  the  interaction  of  source  with  comparison  was  also  tested. 

Desinewed  cutter-canner  cow  chucks  were  rated  higher  by  sensory  taste 
panel  for  initial  and  final  tenderness  when  compared  to  grinding.  Bull 
chucks  on  the  other  hand  received  slightly  higher  scores  for  initial  tender- 
ness when  desinewed,  but  received  lower  scores  for  final  tenderness  when 
desinewed.  Total  shear  work  decreased  for  cutter-canner  cow,  while  bull 
meat  increased  when  desinewed  (Figure  1).  Among  desinewing  methods,  the 
0.19  cm  head  and  0.19-0.25  cm  head  produced  higher  initial  and  final  and 
final  tenderness  scores  for  all  raw  materials  when  compared  to  other  de- 
sinewing heads  (Table  3).  This  result  can  be  seen  in  Figure  2a,  b where 
total  shear  work  and  shear  force  was  less  for  bull  and  cow  meat  desinewed 
with  the  0.19  cm  head.  The  use  of  a double  or  stepped  head  reduced  the 
shear  force  and  total  work  to  shear  for  bull  meat  when  compared  to  a single 
head.  The  reverse  was  true  for  cutter-canner  cow  (Figure  2).  The  0.19- 
0.25  cm  stepped  head  significantly  reduced  total  shear  work  and  shear  force 
(P  < .01).  However,  grinding  with  the  0.32  cm  plate  significantly  decreased 
shear  force  (P  < .01)  when  compared  to  desinewing  (Table’  3).  Sensory  panel 
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scores  for  juiciness  were  significantly  higher  (P  < .01)  for  desinewing  Vs 
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grinding,  with  the  0.19  cm  head  higher  than  the  0.25  cm  head.  Removal  of 
connective  tissue  would  concentrate  the  lean  tissue  containing  moisture. 

Ground  beef  flavor  intensity  followed  the  same  pattern  as  juiciness  (Table  3). 

The  amount  of  detectable  initial  and  final  connective  tissue  amount  decreased 
when  desinewed  for  cutter-canner  cow,  however  the  opposite  was  true  for  bull 
meat  (Figure  3a,  b).  Comparison  1 revealed  that  desinewing  with  the  0.19  cm 
head  reduced  the  detectable  connective  tissue  amount  when  compared  with  the 
0.25  cm  inch  head  (Figure  3c,  d).  Desinewing  with  the  0.19-0.25  cm  stepped 
head  resulted  in  higher  scores  for  initial  and  final  connective  tissue 
amount  versus  the  0.25-0.32  cm  stepped  head.  Chemical  determination  of  con- 
nective tissue,  by  hydroxyproline  procedure  produced  similar  results  as  was 
detected  by  sensory  panel  scores.  The  amount  of  insoluble  and  total  collagen 
(mg/g)  was  reduced  by  desinewing  with  the  0.19  cm  head  compared  to  the  0.25  cm 
head.  Insoluble  collagen  was  less  when  the  0.19-0.25  cm  head  was  used  versus 
the  0.25-0.32  head  (Figure  4b,  c,  d) . While  the  sensory  panel  detected  more 
final  and  initial  connective  tissue  in  desinewed  versus  ground  bull  meat, 
chemical  determinations  showed  less  connective  tissue  in  desinewed  meat. 
Cutter-canner  cow  had  less  chemically  determined  connective  tissue  and  higher 
sensory  scores  when  desinewed  (Figure  5a,  b) . Desinewing  with  single  aperture 
heads  reduced  the  amount  of  insoluble  and  total  collagen  for  both  raw  material 
(Table  5).  Conversely,  soluble  collagen  was  higher  when  the  single  aperture 
head  was  used  for  bull  meat  compared  to  the  stepped  heads  (Figure  4a). 

The  % change  in  height  was  more  for  patties  produced  from  the  0.19  cm 
head  versus  0.25  cm  head.  Likewise,  patties  from  the  0.19-0.25  cm  head  under- 
went more  height  change  (%)  than  patties  from  the  0.25-0.32  head  regardless 
of  whether  the  product  was  from  bull  or  cow  meat  (Table  7). 
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Grinding  bull  meat  decreased  the  % height  change  in  contrast  to  de- 
sinewing while  the  opposite  was  true  for  cow  meat  (Figure  5c). 

The  % diameter  change  for  cow  meat  was  less  when  a stepped  head  was 
used  vs  a single  head  (Comparison  3) , but  the  reverse  was  true  for  bull  meat 
(Figure  5d).  % Cooking  loss  was  only  significant  for  Comparison  1 (P  < .01) 
with  the  0.19  cm  head  resulting  in  more  cooking  loss  than  patties  from  the 
0.25  cm  head . 

The  % moisture  of  cooked  patties  was  significantly  more  (P  < .01)  for 
for  desinewed  versus  ground  meat  (Table  7).  Within  the  four  desinewing 
heads,  use  of  stepped  heads  reduced  the  % moisture  in  bull  meat.  Among  the 
two  stepped  heads,  use  of  the  0.19-0.25  cm  versus  0.25-0.32  cm  increased  the 
% moisture  in  cow  meat.  The  single  aperture  0.19  head  (Comparison  1)  re- 
duced the  % moisture  for  both  sources  of  meat  (Figure  6a,  b,  c) . 

CONCLUSIONS 

In  general,  desinewing  with  the  0.19  cm  or  0.19-0.25  cm  stepped  head 
reduced  instron  shear  work  and  force,  while  improving  sensory  panel  scores 
for  all  palatability  traits  when  compared  to  grinding.  Desinewing  with  the 
0.100  inch  head  generally  resulted  in  the  least  moisture  loss,  diameter 
change,  height  change  and  cooking  loss.  All  four  desinewing  methods  reduced 
the  amount  of  soluble,  insoluble,  and  total  collagen  in  raw  patties  when 
compared  to  grinding.  In  general,  bull  meat  yielded  higher  sensory  scores 
for  tenderness  and  connective  tissue,  less  insoluble  and  total  collagen,  plus 
less  total  shear  work  and  force.  The  data  generated  from  this  study  generally 
indicates  that  desinewing  with  the  0.19  or  0.19-0.25  cm  stepped  head  results 
in  a more  acceptable  product  when  compared  to  grinding.  Bull  meat  was  preferred 
by  the  sensory  panel  to  cutter-canner  cow  meat. 
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RESULTS  AND  DISCUSSION 

PART  B:  The  effect  of  hot  versus  chilled  cutter-canner  cow  was  tested  with 

the  same  four  linear  comparisons  as  Part  A.  Comparison  1 = 0.19  cm  head  vs. 

0.25  cm  head;  comparison  2 = 0.19-0.25  cm  stepped  head  vs.  0.25-0.32  cm  stepped 
head;  comparison  3 = single  aperture  size  vs.  double  aperture  size;  and  com- 
parison 4 = grind  0.32  cm  vs.  all  desinew.  The  source  of  lean  by  method  of 
comminution  interaction  was  also  tested. 

Sensory  panel  scores  for  tenderness  increased  and  Instron  total  work 

decreased  when  chilled  cutter-canner  cow  was  desinewed,  as  compared  to  grinding. 

However,  the  opposite  was  true  for  desinewed  vs.  ground  hot  cutter-canner  cow 

beef  (Figure  7a,  b) . Desinewed  hot  and  chilled  cutter-canner  cow  beef  patties 

required  significantly  (P<  .01)  more  force  to  shear  when  compared  to  ground 

o 

beef  (Table  9).  Instron  shear  ( Kg)  increased  for  both  chilled  and  hot  cow  meat 
when  a stepped  head  vs.  a single  aperture  head  was  used  (Figure  7d) . Initial 
and  final  tenderness  was  improved  significantly  (P<  .01)  when  desinewed  with 
the  .19  cm  head  compared  to  the  .25  cm  head  (Table  9).  This  is  verified  by 
Instron  total  work  and  shear  force  which  decreased  with  the  smaller  aperture 
size  (Figure  8c,  d) . Comparison  2,  within  stepped  heads,  revealed  higher 
sensory  scores  for  final  tenderness  when  the  0.19-0.25  cm  head  was  used 
regardless  of  the  temperature  of  the  beef  (Table  9).  Chilled  and  hot  meat 
responded  differently  when  desinewed  with  the  0.19-0.25  vs.  0.25-0.32  for 
Instron  total  work  and  shear  force.  Total  work  and  shear  force  decreased 
for  chilled  cow  as  aperture  size  decreased,  however  total  work  and  shear  force 
increased  for  hot  cow  patties  as  aperture  size  decreased  (Figure  8a,  b) . 
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Initial  connective  tissue  amount,  as  detected  by  sensory  panel,  decreased  when 
chilled  cow  meat  was  desinewed.  Higher  sensory  scores  reflect  less  detectable 
connective  tissue.  Conversely,  the  sensory  panel  detected  more  initial  con- 
nective tissue  (lower  scores)  when  hot  cow  beef  was  desinewed  (Figure  9a) . 

Chemical  determination  of  soluble,  insoluble,  and  total  collagen  decreased  for 
both  hot  and  chilled  cow  meat  when  desinewed  compared  to  ground  (Figure  10a,  b 
and  Table  9).  Initial  and  final  connective  tissue  scores  increased  to  a larger 
magnitude  for  hot  meat  compared  to  chilled  when  desinewed  with  the  0.19  cm 
head  vs.  the  0.25  cm  head  (Figure  9b,  c) . In  addition,  total  and  insoluble 
collagen  was  reduced  by  a larger  magnitude  when  cow  beef  was  desinewed  with  the 
0.19  cm  vs.  0.25  cm  (Figure  10c,  d) . Soluble  collagen  was  also  less  for  beef 
desinewed  with  the  0.19  cm  head  vs.  0.25  cm  head  (Table  9).  In  this  case, 
subjective  sensory  scores  and  objective  chemical  determination  of  connective  tissue 
for  comparison  1 paralleled  each  other.  Final  connective  tissue  scores  were  lower 
for  hot  cow  meat  desinewed  with  the  0.19-0.25  cm  stepped  head  compared  to  the 
0.25-0.32  cm  stepped  head.  The  reverse  was  true  for  chilled  cow  beef  patties 
(Table  9).  Generally,  the  amount  of  chemically  determined  insoluble  and  total 
collagen  increased  when  chilled  cow  was  desinewed  with  stepped  vs.  single  aperture 
size  heads.  Conversely,  when  hot  cow  was  desinewed  with  a stepped  head,  total 
and  insoluble  collagen  decreased  (Figure  11a,  b) . Juiciness  scores  increased 
when  chilled  cow  meat  was  desinewed  vs.  ground,  but  scores  for  hot  cow  meat 
decreased  for  this  comparison  (Figure  12c).  Within  single  aperture  size  heads, 

0.25  cm  desinewed  hot  cow  beef  product  received  higher  scores  than  0.19  cm 
desinewed  hot  cow  beef.  On  the  other  hand  0.19  cm  desinewed  chilled  cow  beef 
received  higher  scores  than  0.25  cm  desinewed  chilled  cow  patties  (Table  9). 

Ground  beef  flavor  intensity  decreased  for  desinewed  hot  cow  samples,  but 
increased  for  desinewed  chilled  cow  when  compared  to  ground  beef  patties 
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(Figure  12d) . The  percent  moisture  in  cooked  samples  decreased  substantially 

when  hot  cow  beef  was  desinewed  with  a double  aperture  stepped  head  compared  to  single 

aperture  heads,  while  chilled  cow  changed  very  little  in  moisture  attributable  to 

desinewing  method  (Figure  12a).  Within  single  aperture  heads,  0.19  cm  desinewed 

chilled  cow  beef  patties  decreased  in  percent  moisture  to  a large  degree 

while  hot  cow  changed  very  little  (Figure  11c).  Within  stepped  heads,  both  hot 

and  chilled  cow  beef  patties  increased  in  percent  moisture  cooked  when  desinewed 

with  the  0.19-0.25  cm  head  (Figure  lid).  The  percent  cooking  loss  decreased  when 

chilled  cow  was  desinewed  with  stepped  heads  vs.  single  aperture  heads,  but  hot 

cow  increased  in  percent  cooking  loss  when  desinewed  with  stepped  heads  vs.  single 

aperture  heads.  Additionally,  the  percent  cooking  loss  increased  when  desinewed 

with  the  0.19  cm  in  head,  vs.  the  0.25  cm  head  (Table  9).  The  change  in 

diameter  of  patties  in  cooking  increased  when  hot  and  chilled  meat  were 

desinewed  with  the  0.19-0.25  cm  head  vs,  the  0.25-0.32  cm  in  head  (Table  9). 

CONCLUSIONS 

In  general  hot  ground  or  0.19  cm  desinewed  beef  patties  were,  (1)  rated 
higher  by  sensory  panel  for  all  palatability  traits  except  flavor  intensity; 

(2)  received  lower  Instron  total  work  and  shear  force  readings;  and  (3)  had 
less  soluble,  insoluble  and  total  collagen  than  patties  from  chilled  beef.  Hot 
and  cold  boned  cutter-canner  cow  when  desinewed  had  less  soluble,  insoluble, 
and  total  collagen  when  compared  to  ground  treatments.  However,  sensory  panel 
scores  for  connective  tissue  amount  did  not  reflect  the  removal  of  collagen  by 
desinewing.  Overall,  desinewing  with  the  0.19  cm  head  or  the  0.19-0.25  cm  head 
improved  the  quality  of  chilled  cutter-canner  cow  when  compared  to  ground  chilled 
cutter-canner  cow  beef.  On  the  other  hand,  the  palatability  of  hot  cutter- 
canner  cow  beef  patties  was  not  generally  improved  by  desinewing. 
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RESULTS  AND  DISCUSSION 

PART  C : This  part  dealt  with  comparisons  of  desinewing  with  the  0.19cm 

head  vs  grinding  with  a 0.32  cm  plate  using  mature  bull,  chilled  Cutter-Canner , 
and  Choice  trimmings.  Specific  linear  comparisons  were  designed  to  test 
the  effect  method  of  comminution,  bull  vs  Cutter-Canner  cow  (Comparison  51) 
and  the  average  of  bull  plus  Cutter-Canner  cow  vs  Choice  trimmings  (Comparison  52) . 
The  interaction  of  method  of  comminution  by  comparison  was  also  tested. 

The  effect  of  method  of  comminution  was  significant  (P<  .01)  for  final 
tenderness.  Final  sensory  panel  tenderness  scores  were  improved  by  desinewing 
bull  and  cow  meat,  but  reduced  slightly  by  desinewing  choice  trimmings 
(Table  14).  Initial  tenderness  was  significant  (P  <.01)  for  the  interaction 
of  comminution  x Comparison  51.  Improvements  in  initial  tenderness  scores 
attributable  to  desinewing  were  greater  for  Cutter-Canner  cow  beef  then  bull 
meat.  Scores  for  final  tenderness  followed  the  same  pattern  (Figure  13b). 

Instron  total  work  was  reduced  by  desinewing  compared  to  grinding  for  all  raw 
materials  (Table  16).  Bull  meat  patties  required  significantly  (P<  .01) 
less  total  shear  work  then  Cutter-Canner  cow  patties.  In  addition,  patties 
from  Choice  trimmings  required  significantly  (P<  .01)  less  total  work  then  the 
average  of  all  mature  beef  patties.  Maximum  shear  force  followed  the  exact 
same  pattern  as  total  shear  work  (Table  13) . Sensory  panel  scores  for  initial 
connective  tissue  were  significantly  higher  (P<  .01)  for  bull  meat  patties 
(reflecting  less  connective  tissue)  when  compared  to  Cutter-Canner  cow 
regardless  of  comminution  method.  This  was  verified  by  the  objective  measure- 
ment of  chemically  determined  insoluble  and  total  collagen.  Bull  meat  had 
less  insoluble  and  total  collagen  then  Cutter-Canner  cow  patties  when  produced 
by  either  method  of  comminution  (Table  13) . Soluble  collegen  was  removed 
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from  Choice  trimmings  to  a larger  degree  then  mature  beef  (Figure  13c). 

Insoluble  and  total  collagen  were  also  substantially  removed  from  Choice 
trimmings  when  compared  to  the  average  of  bull  and  cow.  This  was  evidenced 
by  the  steeper  slope  of  the  line  for  Choice  beef  patties  (Figure  13d,  14a). 
Juiciness  and  ground  beef  flavor  intensity  were  significantly  (P<  .01)  higher 
for  desinewed,  patties  made  with  the  0.19  cm  head,  vs  ground  meat  (Table  14). 
Higher  percentages  of  cooking  loss  were  found  for  patties  from  Choice  trimmings 
than  product  made  from  mature  beef  (Figure  14b).  Conversely,  the  percent 
moisture  in  cooked  desinewed  Choice  product  was  higher  then  that  of  mature 
beef  patties  (Figure  14c).  The  percent  moisture  in  cooked  Cutter-Canner  cow 
patties  was  significantly  (P  <.01)  higher  then  mature  bull  samples  (Table  13). 
The  percent  change  in  patty  height  increased  substantially  for  mature  bull 
meat  when  desinewed,  whereas  Cutter-Canner  cow  product  changed  very  little 
between  grinding  and  desinewing  (Figure  14d) . Choice  trimmings  had  a larger 
percent  height  change  than  mature  beef  (Table  13) . 

CONCLUSIONS 

In  general  Choice  trimmings  received  higher  scores  for  all  palatability 
traits  followed  closely  by  the  scores  of  bull  meat  product.  Cutter-Canner 
cow  samples  received  the  lowest  sensory  panel  scores.  Desinewing  tended  to 
increase  palatability  scores  for  all  traits  when  compared  with  grinding. 
Desinewing  also  tended  to  reduce  the  amount  of  soluble,  insoluble,  and  total 
collagen,  plus  reduce  total  Instron  shear  work  and  force.  On  the  other  hand, 
mechanical  desinewing  increased  cooking  losses  and  dimensional  changes  when 
compared  to  grinding.  In  general,  sensory  panel  scores  for  initial  and  final 
connective  tissue  amount,  scores  were  similar  for  product  from  Choice  trimmings 
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and  mature  bull  meat,  with  scores  for  Cutter-Canner  cow  being  lower  (Table  14). 
Conversely,  chemical  collagen  as  determined  by  the  hydroxyproline  procedure 
of  Hill  (1966)  was  highest  in  Choice  trimmings,  followed  by  Cutter-Canner  cow 
and  mature  bull  products  displaying  the  least  amount  of  chemically  determined 
collagen  (Table  15) . This  situation  exemplifies  the  problems  associated  with 
a trained  sensory  taste  panel  being  able  to  detect  connective  tissue  in  ground 
beef . 

In  summary,  the  desinewing  of  mature  bull  and  Cutter-Canner  cow  does 
create  a product  of  higher  quality  from  a sensory  standpoint  * The  best 
selection  of  desinewing  heads  would  be  the  0.19cm  followed  by  the  stepped 
(0.19  - 0.25  cm)  head.  Hot  Cutter-Canner  cow  beef  also  creates  high  palatability 
ratings  when  ground.  Data  from  this  study  indicates  that  the  palatability 
of  hot  Cutter-Canner  cow  patties  is  reduced  by  mechanical  desinewing. 
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TABLE  1.  Ratio  of  lean  to  fat  in  treatment  formulations. 


Comminution 

Method 

% Fat  Prior 
to  Comminution 

% Lean 

% Fat 

Mature  Bull 

Choice  Plates 

Grind 

24 

54 

46 

Desinew 

27 

46 

54 

Cutter-Canner 

Choice  Plates 

Grind 

24 

48 

52 

Desinew 

27 

42 

58 

Cutter-Canner 

Choice  Trimmingsb 

Grind 

24 

34 

66 

Desinew 

27 

25 

75 

cutter-canner  cow  plus  choice  plates  referred  to  as  cutter-canner  cow. 


b 


cutter-canner  cow  plus  choice  trimmings  referred  to  as  choice  trimmings. 
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TABLE  2.  Experimental  design. 


PART  A 


Method 

of 

Comminution3 

Chilled 

Mature 

Bull 

Chilled 

Cutter-Canner 

Cow 

Grind  0 . 32  cm 

X 

X 

Desinew  0.19  cm*3 

X 

X 

Desinew  0.25  cm 

X 

X 

Desinew  0.19-0.25  cmc 

X 

X 

Desinew  0.25-0.32  cm 

X 

X 

a 

aperture  size 

k single  aperture  size  head 

c 

stepped  double  aperture  size 

head 

PART  B 

Method 

Chilled 

Hot 

of 

Cutter-Canner 

Cutter-Canner 

Comminution 

Cow 

Cow 

Grind  0 . 32  cm 

X 

X 

Desinew  0.19  cm 

X 

X 

Desinew  0.25  cm 

X 

X 

Desinew  0.19-0.25  cm 

X 

X 

Desinew  0.25-0.32  cm 

X 

X 
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TABLE  2.  Experimental  design.  (Cont'd) 


PART  C 


Method 

of 

Comminution 


Chilled  Chilled 

Cutter-Canner  Mature 

Cow  Bull 


Chilled 

Choice 

Trimmings 


Grind  0.32  cm 
Desinew  0.19  cm 


X 

X 


X 

X 


X 

X 


. 
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TABLE  3.  Sensory  and  Instron  values  for  patties  from  bull  and  Cutter-Canner  cow  beef  desinewed  with  different 
aperture-size  heads.  (Continued) 
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TABLE  4.  Sensory  values  for  ground  vs  desinewed  patties  made  from  bull  and  cutter-canner  cow  beef 
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TABLE  5.  Chemical  collagen  values  for  bull  and  cutter-canner  cow  beef. 


Raw 

Material 

Insoluble 

mg/g 

Collagen 

Total 

m 

Collagen 

g/g 

Comparison3 

3 

Comparison3 

3 

Single 

Double 

Single 

Double 

Mature  Bull 

9.4° 

11. 8d 

11. 4C 

13. 2d 

Cutter-Canner 

Cow 

14. 4C 

16. 4d 

h* 

o> 

o 

o 

18.  ld 

Average 

12. 0° 

14.  ld 

13. 5c 

15. 6d 

single  aperture  size  (0.19  cm  and  0.25)  or  double  aperture  size  (0.19- 
0.25  cm)  or  (0.25-0.32  cm). 


c,  d 


paired  means  in  the  same  row  and  comparison  column  followed  by  the 
same  letters  are  not  significantly  different. 


I 


26 


H 

O 

rt 

03 


03 

00 

fD 

3 


c 

a 

a 

a 

CD 

fD 

fD 

fD 

fD 

if 

cn 

03 

C f ) 

C/) 

H* 

H* 

H* 

H* 

H* 

3 

3 

3 

3 

3 

CL 

fD 

fD 

fD 

fD 

s 

S 

s 

s 

O 

o 

o 

o 

o 

M 

• 

• 

8 

• 

VO 

ho 

h-* 

CO 

DO 

L n 

ho 

Ln 

o 

o 

o 

o 

o 

3 

• 

• 

3 

3 

LJ 

DO 

ho 

Ln 

n 

n 

3 

3 

K3 

ho 

DO 

DO 

N3 

IDO 

Ln 

M 

DO 

U) 

Ln 

C 

• 

* 

• 

• 

• 

I—1 

'sO 

O' 

VO 

O' 

DO 

h-* 

n 

O 

ho 

ho 

ho 

NJ 

ho 

ID 

C 

■CD 

•C- 

Ln 

LJ 

3 

rr 

• 

• 

• 

• 

• 

3 

rr 

o 

DO 

ho 

Ln 

fD 

3 

if 

If 

Ln 

O' 

O' 

O' 

Ln 

CO 

00 

DO 

o 

o 

VO 

C 

0 

9 

• 

• 

• 

M 

00 

00 

CO 

O' 

I-1 

o 

n 

o 

cd 

Ln 

O' 

O' 

03 

c 

I-1 

O 

vO 

o 

DO 

3 

rt 

* 

• 

• 

• 

• 

3 

rr 

o 

VO 

CO 

o 

fD 

3 

f 

if 

DO 

DO 

DO 

DO 

ho 

CO 

I—1 

N3 

Ln 

ho 

O' 

c 

o 

« 

• 

• 

• 

l-l 

U3 

O' 

■o 

O' 

I-1 

— 

a 

o 

ho 

DO 

hO 

ho 

DO 

3 

c 

I—1 

1 — 1 

U> 

i — 1 

Lo 

3 

rt 

e 

a 

• 

• 

• 

3 

rr 

VO 

JD' 

00 

o 

DO 

(D 

3 

if 

if 

Ln 

Ln 

O' 

.t- 

-C" 

CO 

i — 1 

M 

-CD 

CO 

O' 

C 

• 

0 

• 

• 

• — 

I-* 

On 

O' 

VO 

o 

h-r 

O 

n 

Ln 

OV 

O' 

Ln 

Ln 

3 

c 

I-* 

■O' 

DO 

o 

3 

rt 

• 

• 

• 

• 

8 

3 

rr 

u> 

I-* 

Ln 

VO 

o 

(D 

3 

f 

f 

I—1 

I—1 

ro 

M 1 

DO 

co 

• 

• 

• 

• 

• 

C 

o 

CO 

Ln 

Ln 

1— i 

I-1 

I—1 

O 

o 

D 

c 

I-1 

M 

i— i 

hO 

3 

rr 

• 

* 

• 

« 

• 

3 

rr 

O' 

VO 

O' 

1—' 

3 

3 

if 

f 

h" ‘ 

h- 1 

f— 1 

f— I 

CO 

o 

I-1 

00 

- 

* 

• 

8 

• 

• 

— 1 

do 

-O' 

l-1 

O' 

— 1 

n n 

i— 

1-' 

1-* 

I-1 

DO 

3 

O' 

O' 

Ln 

LJ 

Cn 

0 

-t 

* 

• 

• 

• 

0 

T 

Ln 

ho 

o 

VO 

D 3 

-1  if 


n 

o 


H-  O rr 

3 1-h  or 


3 O 

rt  cl 

H- 
O 
3 


S'? 

3 nj 
€ 3 
rt 


M3 

s 

o 

pd  H- 
to  cn 
£ rr 
C 
if 
fD 


S'? 

3 

o 

M- 

C/3 

rr 

C 

if 

fD 


O 

O C/3 
H-*  O 
3i — 1 i — 1 

oo  03  c 
"^oo  c r 

30  fD  h-1 
3 fD 


o 

i— i 

o 

3 

3 

1 — 1 

cn 

oo 

I—1 

o 

3 

l— * 

00 

00 

c 

3 

C T 

3 

l-| 

3 

TABLE  6.  Chemical  composition  for  bull  and  cutter— canner  cow  beef. 
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TABLE  7.  Physical  measurements  of  patties  for  bull  and  Cutter-fanner  cow  beef  desinewed  with  different 
aperture  size  leads. 


Desinew  0.25-0.32 


28 


o a e?  a 

fD  fD  ro  H 


w cn  w 

H*  H*  H 

3 3 3 

rt>  ft>  fD 

£ £ 


H* 

3 

CL 


£ O 

0 O O t-1 

• • • vo 

I — ' Ul  NJ 

^ m ui  n 

1 3 
o n n 

• 3 3 

NJ 

Un 


n 

o 


s 

fD 

rt 

cr 

o 

a. 


n n 

3 3 


ro 

ro 

NJ 

NJ 

NJ 

NJ 

■£>- 

I—* 

O 

H-* 

ro 

NJ 

NJ 

NJ 

NJ 

U) 

ro 

1-* 

o 

4N 

O 

n 

CD 

c 

3 

rt 

3 

PT 

fD 

fD 

H 

H 

a a 

o fD 
3 00 
rt)  H 
3 ro 
ro  fD 
cn 

cn  o 

Hi 


TABLE  8.  Physical  measurements  far  ground.  vs  defrinewed  patties  made  fro®  bull  and  Cutter-Camner  cow  beef 
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TABLE  10.  Sensory  panel  values  for  patties  from  ground  vs.  desinewed  hot  and  cold  boned  cut ter-canner 
cow  and  bull  meat 
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TABLE  11.  Physical  measurements  for  patties  from  hot  and  cold  boned  cutter  and  canner  cow  and  bull  meat 
either  ground  or  desinewed 
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TABLE  12.  Chemical  measurements  for  patties-  from  hot  and  cold  boned  cutter  and  canner  cow  and  bull  meat 
either  ground  or  desinewed 


paired  means  in  the  same  row  and  comparison  column  followed  by  the  same  letter  are  not  significantly  different 
(P>. 01). 
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TABLE  13.  Palatability , physical  and  chemical  values  for  patties  from  bull,  canner  and  cutter  cow  and  choice  beef 
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TABLE  14.  Palatability  ratings  for  patties  made  from  bull,  cutter  and  canner  cow  and  choice  beef  either  ground  or 
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Refer  to  Footnote  b in  Table  14. 
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TABLE  16.  Physcial  measurements  for  patties  from  patties  from  bull,  cutter  and  canner  cow  beef  either  ground 


Figure  la 

Initial  Tenderness  Source  x 
Comparison  4 Interaction 
(P  < 0.01). 


Figure  IF 

Final  Tenderness  Source  x 
Comparison  4 Interaction 
(P  < 0.01). 


Figure  lc 

Total  Shear  Work  Source  x 
Comparison  4 Interaction 
(P  < 0.01). 
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Grind  Desinew 

Figure  la 


Figure  2a 

Total  Shear  Work  Source  x 
Comparison  1 Interaction 
(P  < 0.01). 


Figure  2c 

Shear  Force  Source  x 
Comparison  3 Interaction 
(P  < 0.01). 


Figure  2b 

Shear  Force  (lb)  Source  x 
Comparison  1 Interaction 
(P  < 0.01). 


Figure  2d 

Total  Shear  Work  Source  x 
Comparison  3 Interaction 
(P  < 0.01). 
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(0.25  cm)  (0.19  cm) 
Figure  2a 


Figure  2b 
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Aperature  Aperature 

size  size 


size  size 


Figure  2c 


Figure  2d 
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Figure  3a 

Initial  Connective  Tissue  Amount 
Source  x Comparison  4 Interaction 
(P  < 0.01). 


Figure  3b 

Final  Connective  Tissue  Amount 
Source  x Comparison  4 Inter- 
action (P  < 0.01). 


Figure  3c 

Initial  Connective  Tissue  Amount 
Source  x Comparison  1 Interaction 
(P  < 0.01). 


Figure  3d 

Final  Connective  Tissue  Amount 
Source  x Comparison  1 Inter- 
action (P  < 0.01). 


Initial  Connective  Tissue  v Initial  Connective  Tissue 

Amount  Amount 
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Figure  3d 


Figure  4a 

Soluble  Collagen  (mg/g)  Source 
x Comparison  3 Interaction 
(P  < 0.01). 


Figure  4b 

Insoluble  Collagen  (mg/g)  Sourc 
x Comparison  2 Interaction 
(P  < 0.01). 


Figure  4c 

Insoluble  Collagen  (mg/g)  Source 
x Comparison  1 Interaction 
(P  < 0.01). 


Figure  4d 

Total  Collagen  (mg/g)  Source  x 
Comparison  1 Interaction 
(P  < 0.01). 


Insoluble  Collagen  (mg/g) 
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size  , size 

Figure  4a 


Figure  4b 


Figure  4d 


Figure  4c 
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Figure  5a 

Insoluble  Collagen  (mg/g)  Source 
x Comparison  4 Interaction 
(P  < 0.01). 


Figure  5b 

Total  Collagen  (mg/g)  Source  x 
Comparison  4 Interaction 
(P  < 0.01). 


Figure  5c 

% Height  Change  Source  x 
Comparison  4 Interaction 
(P  < 0.01). 


Figure  5d 

% Diameter  Change  Source  x 
Comparison  3 Interaction 
(P  < 0.01). 
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Figure  5b 


size  size 


Figure  5c 


Figure  5d 
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Figure  6a 

% Moisture  in  Cooked  Patty  Source 
x Comparison  1 Interaction 
(P  < 0.01). 


Figure  6b 

% Moisture  in  Cooked  Patty  Source 
x Comparison  2 Interaction 
(P  < 0.01). 


Figure  6c 

% Moisture  in  Cooked  Patty 
Source  x Comparison  3 
Interaction  (P  < 0.01). 
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Figure  6a 


(0.25-0.32  cm)  (0.19-0.25  cm) 
Figure  6b 
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size  size 


Figure  6c 
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Figure  7a  Figure  7b 

Initial  Tenderness  Source  x Source  x Comparison  4 

Comparison  4 Interaction  Interaction  (P  < 0.01). 

(P  < 0.01). 


Figure  7c 

Instron  Total  Work  Source  x 
Comparison  4 Interaction 
(P  < 0.01). 


Figure  7d 

Instron  Shear  Force  (lb)  Source 
x Comparison  3 Interaction 
(P  < 0.01). 
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Figure  7d 
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Figure  8a 

Instron  Total  Work  Source  x 
Comparison  2 Interaction 
(P  < 0.01). 


Figure  8b 

Instron  Shear  Force  (lb)  Source 
x Comparison  2 Interaction 
(P  < 0.01). 


Figure  8c 

Instron  Total  Work  Source  x 
Comparison  1 Interaction 
(P  < 0.01). 


Figure  8d 

Instron  Shear  Force  (lb)  Source 
x Comparison  1 Interaction 
(P  < 0.01). 
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Figure  8a 


Figure  8b 


Figure  8c 


Figure  8d 
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Figure  9a 

Initial  Connective  Tissue  Amount 
Source  x Comparison  4 Interaction 
(P  < 0.01). 


Figure  9b 

Initial  Connective  Tissue  Amount 
Source  x Comparison  1 Interaction 
(P  < 0.01). 


Figure  9c 

Final  Connective  Tissue  Amount 
Source  x Comparison  1 Inter- 
action (P  < 0.01). 
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Figure  9a 
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Figure  9b 


Figure  9c 
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Figure  10a 

Insoluble  Collagen  (mg/g)  Source 
x Comparison  4 Interaction 
(P  < 0.01). 


vs 

Figure  10b 

Total  Collagen  (mg/g)  Source, 
x Comparison  4 Interaction  V 
(P  < 0.01). 


Figure  10c 

Insoluble  Collagen  (mg/g)  Source 
x Comparison  1 Interaction 
(P  < 0.01). 


Figure  lOd 

Total  Collagen  (mg/g)  Source 
x Comparison  1 Interaction 
(P  < 0.01). 


.. 


Insoluble  Collagen  (mg/g)  Insoluble  Collagen  (mg/g) 
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Figure  11a 

Insoluble  Collagen  (mg/g)  Source 
x Comparison  3 Interaction 
(P  < 0.01). 


Figure  lib 

Total  Collagen  (mg/g)  Source 
x Comparison  3 Interaction 
(P  < 0.01). 
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Figure  11c  Figure  lid 

% Moisture  in  Cooked  Patty  Source  % Moisture  in  Cooked  Patty  Source 

x Comparison  1 Interaction  x Comparison  2 Interaction 

(P  < 0.01).  (P  < 0.01). 
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size  size 

Figure  11a 


size  size 

Figure  11b 


Figure  11c 


Figure  lid 


Figure  12b 

% Cooking  Loss  Source  x Compariso 
Interaction  (P  < 0.01). 


Figure  12a 

% Moisture  in  Cooked  Patty  Source 
x Comparison  3 Interaction 
(P  < 0.01). 


Figure  12d 

Ground  Beef  Flavor  Intensity 
Source  x Comparison  4 Interaction 
(P  < 0.01). 


Figure  12c 

Juiciness  Source  x Comparison  4 
Interaction  (P  < 0.01). 
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Figure  12a 


Aperature  Aperature 
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Figure  12b 


Figure  12c 


Figure  12d 


Figure  13a 

Initial  Tenderness  Comminution  x 
Comparison  SI  Interaction 
(P  < 0.01). 


Figure  13b 

Final  Tenderness  Comminution  x 
Comparison  SI  Interaction 
(P  < 0.01). 


Figure  13c 

Soluble  Collagen  (mg/g)  Comminution 
x Comparison  S2  Interaction 
(P  < 0.01). 


Figure  13d 

Insoluble  Collagen  Comminution 
Comparison  S2  Interaction 
(P  < 0.01). 


Soluble  Collagen  (mg/g)  Initial  Tenderness 
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Figure  13c 


Figure  14a 

Total  Collagen  (mg/g)  Comminution  x 
Comparison  S2  Interaction  (P  < 0.01). 


Figure  14b 

% Cooking  Loss  Comminution  x 
Comparison  S2  Interaction 
(P  < 0.01). 


Figure  14c 

% Moisture  in  Cooked  Patty  Commi- 
nution x Comparison  S2  Interaction 
(P  < 0.01). 


Figure  14d 

% Height  Change  Comminution 
Comparison  SI  Interaction 
(P  < 0.01). 
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(0.32  cm)  (0.19  cm) 


Figure  14a 


(0.32  cm)  (0.19  cm) 


Figure  14b 


(0.32  cm)  (0.19  cm)  (0-32  cm)  (°*19  cm) 


Figure  14c 


Figure  14d 


Phase  I - Part  2 


Obj  ective : 


To  evaluate  the  effect  on  palatability 
and  shelf- life  of  preparing  ground 
beef  from  unchilled  (hot)  beef  carcasses. 
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PHYSICAL,  CHEMICAL  & SENSORY  PROPERTIES  OF  GROUND  BEEF 
PREPARED  FROM  HOT  AND  CHILLED  BEEF  CARCASSES 

Introduction 

More  than  40  million  cattle  and  calves  are  being  slaughtered  in  the 
U.S.  each  year.  Vast  amounts  of  energy  are  currently  being  used  to 
process,  transport  and  market  this  volume  of  meat.  Alternate  processing 
methods  such  as  hot-boning  offers  tremendous  possibilities  in  energy  conser- 
vation and  increased  marketing  efficiency.  By  the  year  1980,  about  50%  of 
the  beef  slaughter  will  be  consumed  as  ground  beef  (Pietraszek,  1975). 

The  ground  beef  industry  represents  a large  proportion  of  the  total 
energy  requirements  of  the  meat  industry.  Little,  if  any,  data  have  been 
reported  concerning  the  feasibility  of  producing  ground  beef  from  hot 
processed  beef  carcasses.  Several  potential  problems  of  hot  boning  include 
textural  changes,  color  differences  and  shelf-life.  In  order  for  the  ground 
beef  segment  to  be  viable,  the  hot  processing  of  steak  and  roast  cuts  from 
the  same  carcasses  must  also  be  possible.  Much  of  the  hot  processing  data  in 
the  literature  have  concentrated  on  the  palatability  of  steaks  and  roasts  from 
USDA  Good  and  Choice  carcasses  (Kastner  et  al.,  1973;  Falk  et  al.,  1975  and 
Schmidt  and  Gilbert,  1970).  No  data  are  reported  on  the  effect  of  hot  boning 
of  mature  (>  4 yrs)  beef  carcasses  on  shelf-life  and  palatability.  The  steak 
and  roast  cuts  from  these  carcasses  are  usually  tenderized  by  mechanical  and 
enzymatic  methods.  This  laboratory  is  currently  investigating  the  effects 
of  hot  boning  on  the  physical,  chemical  and  microbial  properties  of  ground 
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beef  and  steaks  and  roasts  from  mature  beef  carcasses.  This  manuscript  will 
deal  with  the  palatability  and  cookery  yeilds  of  the  ground  beef  segment  of 
the  study. 


EXPERIMENTAL 

Hot  processed  ground  beef  was  prepared  by  three  methods  as  outlined  in 
Table  1.  Each  method  contained  two  batches  and  each  batch  contained  4 sides 
of  beef.  Batch  A was  prepared  in  the  a.m.  and  Batch  B in  the  p.m.  Opposite 
sides  were  assigned  to  the  same  batch  for  cold  boning.  Carcasses  ranged  in 
USDA  quality  grade  from  low  to  high  utility  and  in  maturity  from  "C"  to  "E" 
(>  4 yrs).  The  animals  were  slaughtered  and  the  ground  beef  was  prepared 
and  stored  at  a commercial  processing  plant.  One  side  of  each  carcass  was 
hot-boned;  the  other  half,  cold-boned.  At  3 hr  postmortem,  the  top  round, 
strip  loin  and  ribeye  cuts  were  removed  from  one  side  of  each  hot  carcass 
and  at  24  hr  postmortem,  the  same  muscles  were  removed  from  the  sides  which 
had  been  chilled  at  2 to  3°C  and  set  aside  for  a different  study.  The  re- 
mainder of  the  meat  from  the  boned  carcasses  was  used  for  ground  beef 
fabrication  in  this  study. 

GRINDING  METHODS  - Chilled  (control) 

U.S.  Choice  plates  (conventionally  chilled)  were  added  (approximately 
30%)  to  the  formulation  in  order  to  bring  the  final  fat  content  to  21  + 2%. 
The  cow  lean  and  choice  plates  were  passed  through  a 1.27  cm  plate,  mechan- 
ically mixed  for  3 min  and  ground  through  a 0.32  cm  plate  for  the  final 
grind.  The  average  batch  size  was  360  to  400  kg.  The  control  formulation 
was  not  actually  a "control"  because  the  grinding  system  was  not  identical 
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to  those  used  for  hot  meat.  The  purpose  of  the  experiment  was  to  compare  new 
systems  that  might  work  for  hot  meat  with  the  most  common  system  used  for 
chilled  meat. 

METHOD  1 - Hot  Processed 

U.S.  Choice  plates  (2  to  3°C)  were  added  (approximately  30%  of  the 
formulation)  to  the  formulation  in  order  to  bring  the  final  fat  content  to 
21  + 2%.  The  hot  lean  and  chilled  beef  plates  were  passed  through  a large 
kidney  plate  (1.27cm  x 1.90cm)  and  mixed  for  3 to  4 min.  During  mixing,  CO2 
snow  was  added  at  a 1:10  ratio  of  CO2  to  beef.  Following  the  mix,  the  product 
was  ground  through  a 0.32  cm  plate  fox  the  final  grind. 

METHOD  2 - Hot  Processed 

Method  2 differed  from  method  1 only  in  the  number  of  grinds  and  the 
manner  in  which  the  CO2  snow  was  added.  The  lean  and  fat  was  passed  through 
a kidney  plate,  mixed  3 to  4 min;  passed  through  a 1.27  cm  plate,  mixed  3 to 
4 min  and  passed  through  a 0.32  cm  plate  for  the  final  grind.  The  CO2  snow 
was  added  at  a ratio  of  1:10  with  two-thirds  added  during  the  first  and  one- 
third  during  the  second  mix. 

METHOD  3 - Hot  Processed 

Method  3 differed  from  method  2 only  in  the  amount  of  CO2  snow  added 
and  the  absence  of  choice  plates.  Since  no  chilled  choice  plates  were  added 
the  ratio  of  CO2  snow  to  meat  was  increased  to  1.5:10.  Also  the  carcasses 
used  for  this  method  were  slightly  fatter  than  those  used  in  methods  1 and  2 
in  order  for  the  final  fat  content  to  be  21  + 2%. 

PATTIES 

Ground  beef  from  all  formulations  were  formed  into  113  g (4  oz)  patties 
using  a FORMAX  model  26  patty  machine.  Patties  were  stacked  (10  per  stack) 
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boxed  and  frozen  in  a blast  freezer  and  stored  at  -10°C  for  5 days  before 
shipment  to  Beltsville,  Md.  for  analysis. 

TRAINED  PANEL 

A 10-member  descriptive  attribute  panel,  trained  by  the  procedures  of 
Cross  et  al.  (1978a)  and  AMSA  (1978),  evaluated  samples  from  each  treatment 
in  a total  of  10  sessions.  Six  samples  were  evaluated  per  session  and  each 
treatment  was  replicated  5 times.  The  panel  rated  each  sample  for  differences 
in  tenderness,  juiciness,  connective  tissue  amount  and  ground  beef  flavor 
intensity  with  8=  extremely  tender,  juicy,  no  detectable  connective  tissue, 
and  intense  and  1=  extremely  tough,  dry,  abundant  connective  tissue  and  bland 
in  ground  beef  flavor. 

COOKERY  AND  PRESENTATION  TO  PANEL 

Frozen  patties  were  broiled  on  electric  Farberware  grills  (model  450-A) 
to  an  approximate  internal  temperature  of  60°C.  Temperature  was  monitored 
during  cooking  with  teflon-coated  iron/constantan  thermocouples.  Beef 
patties  prepared  from  hot-boned  beef  carcasses  required  11  minutes  total 
cooking  time  while  the  control  patties  required  13  min.  Frozen  and  cooked 
weights  were  obtained  in  order  to  calculate  total  cooking  losses.  Four 
patties  were  prepared  for  each  session.  Each  patty  was  sectioned  into  6 
pieces  and  two  of  the  24  pieces  (4  patties)  were  randomly  assigned  to  each 
panelist.  The  samples  were  served  as  warm  as  possible  to  the  panelist  as 
described  in  ASMA  (1978).  After  sectioning,  the  pieces  were  pictorially 
scored  for  degree  of  doneness  (color  photographs  with  1=  well  done  and  8= 
rate)  by  a trained  laboratory  technician. 

SHEAR  FORCE 

Ten  patties  from  each  method/batch  group  were  used  for  determination  of 
Instron  shear  force  according  to  the  single-blade  procedure  outlined  by  Cross 
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et  al.  (1978b).  Four  2.54  cm  squares  were  obtained  from  each  patty,  thus 
each  mean  value  for  method/batch  represents  40  observations. 

PHYSICAL  AND  CHEMICAL 

Height  and  diameter  measurements  were  obtained  on  the  ten  frozen  and 
cooked  patties  used  for  the  Instron.  Percent  fat  and  moisture  was  determined 
on  raw  and  cooked  patties  according  to  AOAC  procedures.  A pH  determination 
was  made  on  ten  frozen,  thawed  and  cooked  patties  from  each  treatment  using 
the  procedure  described  by  Nichols  and  Cross  (1978). 

RESULTS  AND  DISCUSSION 

Data  in  Tables  2-4  combines  methods  of  processing  to  allow  a direct 
comparison  of  sensory,  physical  and  chemical  properties  of  ground  beef  pre- 
pared from  hot  versus  chilled  beef.  Mean  palatability  and  shear  force 
values  are  presented  in  Table  2.  Ground  beef  patties  prepared  from  hot 
processed  beef  were  significantly  (P  < .05)  more  tender  (panel)  and  juicy 
than  patties  prepared  from  chilled  beef.  Differences  in  shear  force  were 
not  evident  although  the  trends  were  similar  to  those  established  by  the 
trained  panel.  As  might  be  expected,  treatment  had  no  significant  effects 
on  amount  of  connective  tissue  or  flavor  intensity. 

•r 

Total  cooking  loss  was  significantly  less  in  the  hot  processed  patties 
when  compared  to  the  chilled  patties  (Table  3).  The  differences  were  quite 
large  (33.85  vs  41.06%)  and  of  considerable  practical  importance.  These 
differences  in  cooking  losses  were  reflected  in  ratings  for  juiciness  (Table 
2).  Hot  processed  patties  had  significantly  less  configuration  change  and 
diameter  than  chilled  patties.  Percent  change  in  height  and  thaw  loss  was 
not  significantly  affected  by  treatment.  In  an  institutional-use  situation, 


. 


71 


the  most  important  configuration  parameter  would  be  diameter  in  order  to  keep 
a constant  area  of  the  bun  covered. 

Since  the  hot-boned  beef  was  processed  prerigor,  the  possibility 
existed  for  some  thaw  rigor  to  occur.  In  this  study  the  possibility  was 
small  because  the  patties  were  frozen  over  a 10-20  hr  period.  Muscle  pH 
was  determined  on  the  frozen,  thawed  and  cooked  samples  to  determine  if  the 
sample  had  reached  its  ultimate  pH  prior  to  freezing.  This  data  is  presented 
in  Table  4.  As  expected,  there  were  no  significant  differences  in  pH  between 
hot  and  chilled  patties.  This  is  also  reflected  in  the  lack  of  significant 
differences  in  thaw  loss  (Table  3).  If  the  hot  processed  patties  had  been 
frozen  cryogenically  thaw  rigor  might  have  been  a problem.  Research  is  in 
progress  to  investigate  these  possibilities.  Percent  fat  and  water  did  not 
differ  significantly  in  the  raw  patty  (Table  4)  and  percent  fat  was  not  dif- 
ferent in  the  cooked  patty.  Percent  moisture  differed  significantly  in  the 
hot  and  chilled  cooked  patty.  This,  of  course,  was  illustrated  in  the  dif- 
ferences in  cooking  loss  (Table  3) . One  might  expect  that  a patty  from  hot 
processed  beef  might  contain  more  moisture  in  the  raw  as  well  as  the  cooked 
state.  If  this  were  the  case,  one  could  expect  less  nutrients  from  a certain 
size  hot  processed  patty.  Such  was  not  the  case,  as  shown  by  the  data  in 
Table  4.  Undoubtedly,  the  hot  and  chilled  patties  were  quite  similar  as  to 
composition  in  the  raw  state  but  the  chilled  patty  loses  more  water  during 
cooking.  This  water  results  in  lower  juiciness  and  tenderness  ratings  and 
could  possibly  mean  more  patty  left  on  the  plate. 

An  evaluation  of  the  effect  of  method  of  grinding  on  sensory,  physical 
and  chemical  properties  is  presented  in  Table  5 and  6.  Data  for  sensory 
and  shear  is  outlined  in  Table  5.  Method  of  grinding  had  no  significant 
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affect  on  any  palatability  trait  except  flavor  intensity.  Patties  prepared 
by  Method  3 were  less  intense  in  flavor  than  Methods  1 and  2.  This  difference 
was  probably  a reflection  of  the  absence  of  choice  plates  in  the  formulation 
rather  than  method  of  grinding.  In  any  case,  the  difference  was  probably 
too  small  to  be  of  practical  importance.  It  is  interesting  to  note  that 
patties  prepared  from  hot  boned  beef  were  more  tender  and  juicy  than  patties 
prepared  from  chilled  beef  regardless  of  method  of  grinding. 

Percent  total  cooking  loss,  height  change,  thaw  loss  and  degree  of 
doneness  was  not  significantly  affected  by  method  of  grinding  (Table  6). 
Percent  diameter  change  was  greatest  in  patties  prepared  by  Method  1 (Kidney 
plate  x 0.32  cm).  It  is  difficult  to  explain  why  the  double  grind  should 
result  in  more  diameter  shrinkage  than  the  triple  grinds.  A possible  ex- 
planation could  be  the  effect  of  the  increased  back  pressure  in  the  double 
versus  the  triple  grind  systems.  Mean  pH  values  of  frozen,  and  thawed  and 
cooked  patties;  and  raw  and  cooked  fat  and  water  percentages  were  not  signif- 
icantly affected  by  method  of  grinding  (data  not  presented). 

It  is  quite  evident  from  these  data  that  beef  patties  can  be  prepared 
from  hot  processed  beef  that  are  equal  to  or  superior  to  patties  prepared 
from  conventionally  chilled  beef  in  palatability,  physical  and  chemical 
properties.  Patties  prepared  from  hot  processed  beef  were  significantly 
more  tender  and  juicy  and  lost  less  water  during  cooking. 


TABLE  1.  Design 
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PREPARATION  METHODS3 


1 (Hot) 
Batch 

A B 

2 (Hot) 
Batch 

A B 

3 (Hot) 
Batch 

A B 

Control  (Chill) 
Batch 

A B 

N=  4 
sides 
per 
batch 

aMethod  1: 
Method  2: 
Method  3: 


Kidney  plate  x 0.32  cm  final. 

Kidney  plate  x 1.27  cm  x 0.32  final. 

No  choice  plates;  Kidney  plate  x 1.27  cm  x 0.32  final. 


Control : 


1.27  cm  x 0.32  cm  final. 
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TABLE  2.  Mean  palatability  and  shear  force  values  for  cooked  ground  beef 
prepared  from  hot  and  chilled  muscle. 


TRAIT 

TYPE  OF  PROCESSING 
HOT 

CHILLED 

Tenderness3 

5. 69e 

5 . 22f 

Connective  Tissue^ 

4 . 26e 

4 . 38e 

Juiciness0 

5 . 47e 

4.75f 

Flavor  Intensity^ 

5 . 23e 

5 . 2 7 e 

Max  Shear  Force,  kg. 

10. 99e 

11 . 9be 

a8  = extremely  tender  and  1 = extremely  tough. 
b8  = none  and  1 = abundant  amount. 
c8  = extremely  juicy  and  1 = extremely  dry. 
b8  = extremely  intense  and  1 = extremely  bland, 
n = 30  observations  per  mean. 


ef 


means  in  the  same  row  with  different  superscripts  are  significantly 
different  (P  < .05). 


TABLE  3.  Cooking  properties  of  ground  beef  patties  prepared  from  hot  and 
chilled  muscle. 


TRAIT 

TYPE  OF  PROCESSING 
HOT 

CHILLED 

Total  Cooking  Loss,  % 

33. 85b 

41.06° 

Degree  of  Donenessa 

2.32b 

2 . 45b 

Diameter  Change,  % 

14 . 93b 

19.32° 

Height  Change,  % 

16. 06b 

14.04b 

b 

Thaw  Loss,  % 

5. 39b 

6.21 

a8  = rate  and  1 = well  done 


be 


means  in  the  same  row  with  different  superscripts  are  significantly 
different  (P  < .05). 
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TABLE  4.  Chemical  properties  of  ground  beef  prepared  from  hot  and  chilled 
muscle . 


TRAIT 

TYPE  OF  PROCESSING 
HOT 

CHILLED 

pH  raw,  frozen 

5.52a 

5.46a 

pH  raw,  thawed 

5 . 37a 

5 . 32a 

pH  cooked 

5 . 50a  , 

5. 46a 

^0,  raw,  % 

62 . lla 

62 . 29a 

fat,  raw,  % 

20. 01a 

19 . 55a 

H^O,  cooked,  % 

52.103 

48. 60b 

fat,  cooked,  % 

21.103 

21.80a 

ab 


means  in  the  same  row  with  different  superscripts  are  significantly 
different  (P  < .05). 
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TABLE  5.  Comparison  of  palatability  traits  of  three  systems  of  grinding  hot, 
processed  beef. 


HOT  PROCESSED  BEEF 
METHOD  OF  GRINDING3 

Control 

Chilled 

TRAIT 

1 

2 

3 

Tenderness^ 

5.48f 

5.90f 

5.68f 

5.22 

c 

Connective  Tissue 

4.06f 

4.48f 

4.24f 

4.38 

Juiciness^ 

5.36f 

5.61f 

5.43f 

4.75 

0 

Flavor  Intensity 

5.39f 

5.37f 

4 . 938 

5.27 

Max.  Shear  Force,  kg. 

11.19f 

10.35f 

11 . 38f 

11.96 

1 = kidney  plate  x 0.32  cm  plate. 

2 = kidney  plate  x 1.27  cm  plate  + 0.32  cm  plate. 

3 = kidney  plate  x 1.27  cm  plate  + 0.32  cm  plate  (no  Choice  plates  added 

as  in  1 and  2) . 

^8  = extremely  tender  and  1 = extremely  tough. 

c 

8 = none  and  1 = abundant  amount. 
dn 

8 = extremely  juicy  and  1 = extremely  dry. 

0 

8 = extremely  intense  and  1 = extremely  bland. 

means  in  the  same  row  with  different  superscripts  are  significantly 
different  (P  < .05). 
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TABLE  6.  Comparison  of  cooking  properties  of  three  systems  of  grinding  hot 
beef . 


HOT  PROCESSED  BEEF  Control 

METHOD  OF  GRIND INGa  Chilled 


TRAIT 

1 

2 

3 

Total  Cooking  Loss,  % 

36.48C 

35.04° 

30.02° 

41.06 

Degree  of  Doneness*3 

2.05° 

2.60° 

2.30° 

2.45 

Diameter  Change,  % 

16.53° 

14.17d 

14.08d 

19.32 

Height  Change,  % 

18.24° 

20.76° 

9.17° 

14.04 

Thaw  Loss,  % 

5.47° 

6.23° 

4.48° 

6.21 

*^8  = rare  and  1 = well 

cd  . 

means  in  the  same 

done. 

row  with  different 

superscripts 

are  significantly 

different  (P  < .05). 
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BACTERIOLOGICAL  QUALITY  OF  GROUND  BEEF  PREPARED 
FROM  HOT  & CHILLED  BEEF  CARCASSES 

Introduction 

Fabrication  of  beef  carcasses  before  they  are  chilled  ("hot"  boning) 
could  have  several  advantages  as  an  alternative  to  conventional  beef  fabrica- 
tion. Removal  of  excess  fat  and  bone  prior  to  chilling  could  save  consid- 
erable energy  in  terms  of  total  refrigeration.  Additional  advantages  could 
include  savings  in  costs  of  transportation,  labor,  and  investment.  In 
recent  years  researchers  investigated  the  characteristics  of  hot-boned  bovine 
muscle  (1,  3,  5-10,  12).  Most  of  these  studies  were  concerned  with  the 
effect  of  hot  boning  on  tenderness  and  eating  quality  of  meat  from  Good  and 
Choice  grade  beef  carcasses. 

The  fabrication  of  ground  beef  utilizes  a large  proportion  of  the  bovine 
carcass.  Few,  if  any,  data  have  been  reported  about  the  feasibility  of  pro- 
ducing ground  beef  from  hot-boned  beef  carcasses.  Such  ground  beef  might 
have  potential  problems,  which  include  textural  changes,  color  differences 
and  shelf-life,  and  inordinate  bacterial  counts  would  be  prohibitive.  We 
compared  the  bacteriological  quality  and  shelf-life  of  ground  beef  prepared 
from  hot-  and  cold-boned  beef  carcasses. 

EXPERIMENTAL 

PRODUCT  FABRICATION 

Four  USDA  Utility  grade  beef  carcasses  were  used  in  this  investigation. 
The  animals  were  slaughtered  and  the  ground  beef  was  prepared  and  stored  at 
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a commercial  beef  slaughter  and  further  processing  plant.  At  2 hr  postmortem, 
the  top  round,  strip  loin  and  ribeye  cuts  were  removed  from  one  side  of  each 
carcass.  At  24  hr  postmortem,  the  comparable  muscles  were  removed  from  the 
sides  that  had  been  chilled  at  3 C.  The  remainder  of  the  meat  from  the  boned 
carcasses  was  used  immediately  (2  and  24  hr  postmortem)  for  the  ground  beef 
fabrication. 

The  hot-boned  meat  was  chilled  by  addition  of  CO^  snow  (0.1  kg  CO^/kg 
meat)  during  ground  beef  fabrication.  The  hot-boned  meat  from  the  four 
sides  (about  450  kg)  was  ground  through  a kidney  plate.  Two-thirds  of  the 
CO2  snow  was  added,  and  the  coarsely  ground  meat  was  mixed  3 min.  The  meat 
was  then  ground  through  a 1.27  cm  plate,  the  remainder  of  the  CO2  snow  was 
added,  and  the  meat  was  mixed  again  for  3 min.  The  final  grind  was  through 
a 0.32  cm  plate,  after  which  the  ground  beef  was  packaged  in  oxygen- impermeable 
polyethylene  casings  to  make  5-lb  chub  packs.  The  ground  beef  from  the  four 
chilled  sides  was  prepared  in  the  same  manner  except  that  CO2  snow  was  not 
used.  Fat  content  of  the  ground  beef  was  about  21  percent. 

Forty-eight  ground  beef  chub  packs  from  the  hot-boned  batch  and  48  from 
the  cold-boned  batch  were  stored  at  0 C.  Three  chub  packs  from  each  batch 
were  transported  (45  min)  to  the  laboratory  for  bacteriological  analyses 
after  0,  3,  6,  9,  12,  15,  18,  21,  24,  27,  30,  33,  36,  39,  42,  and  45  days  of 
storage. 

BACTERIOLOGICAL  ANALYSES 

Three  locations  within  each  chub  pack  were  sampled  aseptically  to 
obtain  a 25-g  sample  that  was  blended  2 min  in  225  ml  of  sterile  Butterfield's 
phosphate  diluent  (11).  Serial  dilutions  of  the  samples  were  plated  in  dupli- 
cate on  3 sets  of  plate  count  agar  (Difco  Laboratories,  Detroit,  MI)  plates. 
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Aerobic  plate  counts  (APCs)  were  determined  after  the  duplicate  sets  of  plates 
were  incubated  7 days  at  5 C,  3 days  at  20  C or  2 days  at  35  C. 

Most  Probable  Numbers  (MPNs)  of  coliforms  and  Escherichia  coli  were 
determined  by  methods  described  in  the  Bacteriological  Analytical  Manual  for 
Foods  (4).  All  EC  broth  (Baltimore  Biological  Laboratory,  Cockeysville,  MD) 
tubes  showing  gas  after  24  or  48  hr  at  45.5  C were  streaked  onto  Levine  eosin 
methylene  blue  agar  (BBL)  for  detection  of  typical  _E.  coli  colonies. 

The  logarithms  (base  10)  of  the  bacterial  counts  were  treated  statis- 
tically by  analysis  of  variance  (ANOVA)  and  Duncan's  (2)  multiple  range  test. 

RESULTS  AND  DISCUSSION 

There  were  no  significant  differences  in  initial  APCs  (5,  20,  or  35  C) 
between  the  ground  beef  prepared  from  hot-boned  and  that  prepared  from  cold- 
boned carcasses  (Table  1).  With  one  exception  (APC  5 C at  3 days'  storage) 
during  the  45-day  study,  the  APCs  (5,  20,  and  35  C)  in  ground  beef  from 
hot-boned  were  either  significantly  lower  or  not  significantly  different 
from  APCs  in  ground  beef  from  cold-boned  carcasses. 

The  bacterial  counts  of  the  hot-boned  ground  beef  did  not  increase  as 
rapidly  during  storage  as  those  of  cold-boned.  In  hot-boned  ground  beef, 

APCs  at  5 and  20  C did  not  increase  significantly  from  0-day  counts  until 
day  30  of  storage  at  0 C;  APCs  at  35  C were  significantly  higher  than  0-day 
counts  after  33  days.  In  ground  beef  from  chilled  carcasses,  APCs  at  5,  20, 
and  35  C were  significantly  higher  than  0-day  counts  after  18,  21,  and  24 
days  of  storage,  respectively. 

After  45  days  of  storage,  there  were  no  significant  differences  in  APCs 
(5,  20,  or  35  C)  between  hot-  and  cold-boned  ground  beef,  but  the  APCs  were 
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slightly  lower  in  the  hot.  Both  products  had  reached  the  end  of  their  micro- 
biological shelf-life.  During  45  days  of  storage,  the  APCs  at  5,  20,  and 
35  C increased  2.55,  1.78,  and  1.65  logs/g,  respectively,  in  the  hot-boned 
ground  beef,  and  3.08,  2.04,  and  1.70  logs/g,  respectively,  in  the  cold-boned 
ground  beef.  The  appearance  and  odor  of  both  hot-  and  cold-boned  ground  beef 
were  acceptable  through  42  days  of  storage,  but  a slight  off-odor  was  de- 
tected at  45  days. 

MPNs  of  coliforms  and  _E.  coli  were  very  low  initially  and  throughout 
the  45-day  storage  study  (Table  2).  There  were  no  significant  differences 
of  any  practical  importance  in  numbers  of  these  bacteria  between  hot-  and 
cold-boned  ground  beef. 

Our  data  indicate  that  ground  beef  prepared  from  hot-boned  carcasses  as 
described  above  has  bacteriological  quality  and  shelf-life  that  are  equal  to 
or  better  than  those  of  ground  beef  prepared  from  chilled  carcasses.  As  an 
alternate  processing  method,  fabrication  of  ground  beef  from  hot-boned  car- 
casses offer  the  meat  industry  great  potential  for  energy  conservation. 
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TABLE  1.  Effect  of  storage  at  0 C on  APCs  in  ground  beef  prepared  from  "hot" 
and  chilled  beef  carcasses. 


Days  of  Storage 

APC 

(5  C) 

APC  (20  C) 

APC  (35  C) 

Hot 

Chilled 

Hot 

Chilled 

Hot 

Chilled 

0 

4. 30kla 

3.941m 

5 . 05g-j 

4 . 96hij 

5 . 13g 

5 . 13g 

3 

4.171 

3. 44m 

5 . 06g- j 

4 • 89ij 

5 . 06g 

4 . 99g 

6 

4.011m 

3.981m 

5.15g-j 

5. 06g-j 

5.11g 

5 . 18g 

9 

3.951m 

4 . 35kl 

4 . 90ij 

4 . 96hij 

5 . Olg 

5 . 22f g 

12 

4.061 

4 . 50jkl 

5.09g-j 

4 . 92ij 

5.27fg 

4 . 99g 

15 

4.141 

4. 47jkl 

5 . 04g-j 

4. 79j 

5 • 04g 

4.92g 

18 

4 . 041m 

4. 81jk 

5 . 14g-j 

5. 17ghi 

5. 19g 

5 . 07g 

21 

4 . 27kl 

5 . 06hij 

4. 78j 

5. 36f g 

4 . 93g 

5.34fg 

24 

4.061 

5 . 94d-g 

5. Olg-j 

6 . 17e 

4 . 99g 

5 . 97de 

27 

4 . 26kl 

6 . 14c-f 

5.10g-j 

6 . 22e 

5.27fg 

6 . 06d 

30 

4 . 95ij 

5 . 73ef g 

5 . 58f 

5. 31f gh 

5. 31fg 

5 . 91de 

33 

5 . 60f gh 

6 . 46a-d 

5 . 56f 

6 . 60cd 

5 . 62ef 

6. 49bc 

36 

6. 52a-d 

6 . 24b-e 

6 . 38de 

6 . 62cd 

6 . 28cd 

6.48bc 

39 

6. 75ab 

6. 70abc 

6 . 83abc 

6 . 75bc 

6 . 74ab 

6 . 68ab 

42 

5 . 40ghi 

5 . 66ef g 

6 . 70bcd 

7.13a 

6 . 71ab 

7.03a 

45 

6.85a 

7.02a 

7 . 83abc 

7 . OOab 

6. 78ab 

6 . 83ab 

Overall  Average^5 

4.83b 

5.28a 

5.51b 

5.74a 

5.53b 

5.77a 

Each  value  is  the  mean  log^o  oount/g  of  3 chub  packs. 

Values  for  a given  APC  incubation  temperature  followed  by  no  common  letters 
are  significantly  (P  <_  0.05)  different  according  to  Duncan’s  multiple  range 
test  (2). 

Overall  average  values  for  a given  APC  incubation  temperature  followed  by 
different  letters  are  significantly  (P  <_  0.05)  different  according  to 
Duncan's  multiple  range  test  (2). 
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TABLE  2.  Effect  of  storage  at  0 C on  MPNs  of  coliforms  and  Escherichia 

coli  in  ground  beef  prepared  from  "hot"  and  chilled  beef  carcasses. 


Days  of  Storage 

Hot 

Coliforms 

Chilled 

E. 

Hot 

coli 

Chilled 

0 

12b3 

14b 

0c 

7abc 

3 

7b 

6b 

0c 

6abc 

6 

5b 

17b 

0c 

3abc 

9 

2b 

lb 

0c 

lc 

12 

9b 

lb 

9ab 

lc 

15 

6b 

0b 

0c 

0c 

18  ' 

0b 

12b 

0c 

2bc 

21 

3b 

14b 

0c 

0c 

24 

4b 

3b 

0c 

0c 

27 

22b 

4b 

0c 

4abc 

30 

8b 

10b 

0c 

10a 

33 

13b 

151b 

0c 

0c 

36 

lb 

19b 

0c 

lc 

39 

0b 

5b 

0c 

5abc 

42 

0b 

5b 

0c 

4abc 

45 

3b 

4b 

0c 

lc 

Overall  Average^ 

6a 

17a 

lb 

3a 

Each  value  is  the  mean  MPN/g  of  3 chub  packs. 

Values  for  a given  bacterial  classification  followed  by  no  common  letters 
are  significantly  (P  <_  0.05)  different  according  to  Duncan’s  multiple 
range  test  (2). 

^Overall  average  values  for  a given  bacterial  classification  followed  by 
different  letters  are  significantly  (P  £ 0.05)  different  according  to 
Duncan's  multiple  range  test  (2). 
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Obj  ective : 


PHASE  I - PART  3 

To  evaluate  the  effects  of  frozen  lean 
source,  patty  size  and  patty  treatment 
on  palatability  and  cooking  properties 
of  ground  beef  patties. 
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THE  EFFECTS  OF  FROZEN  LEAN  SOURCE,  PATTY  SIZE  & PATTY 
TREATMENT  ON  PALATABILITY  & COOKING  PROPERTIES  OF 
GROUND  BEEF  PATTIES 

Introduction 

The  U.S.  imports  over  300  million  pounds  of  frozen  lean  beef  each  year. 
Much  of  this  imported  beef  is  used  in  the  production  of  ground  beef.  No 
research  has  been  reported  as  to  the  effects  on  palatability  and  cooking 
properties  of  adding  frozen  lean  from  different  sources.  Also,  patty  sizes 
vary  from  less  than  3.0  oz  to  more  than  8 oz.  It  would  be  expected  that 
patty  size  would  have  an  effect  on  palatability  and  cooking  traits.  Little 
or  no  research  has  been  reported  in  this  area.  The  meat  industry  normally 
treats  the  fresh  patty  with  a "knife-like"  cut  on  each  surface  or  a "waffle- 
like" impression  on  each  surface.  Research  is  needed  to  determine  if  these 
treatments  have  an  effect  on  palatability  and  cooking  traits. 

This  part  of  Phase  I will  address  the  questions  of  frozen  lean  source, 
patty  size  and  patty  surface  treatment  and  their  affects  on  ultimate 
palatability  and  cooking  properties. 


EXPERIMENTAL 


FORMULATION 

Fifteen  ground  beef  formulations  were  prepared  from  varying  raw  material 
sources  as  outlined  in  Table  1.  Formulations  were  prepared  by  adding  40% 
frozen  lean  (Mexican,  Australian  or  domestic)  to  60%  choice  lean  trimmings 


' 
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(unfrozen).  Frozen  lean  was  equivalent  in  grade  to  U.S.  Cutter  or  Canner. 
Frozen  lean  was  derived  from  the  major  and  minor  cuts  of  the  entire  carcass. 
Each  formulation  consisted  of  a minimum  of  3000  lbs.  Frozen  meat  blocks 
were  passed  through  a Rietz  grinder  with  a 3/8  in  plate.  Unfrozen,  Choice 
trimmings  were  passed  through  a weiler  grinder  with  a 3/8  in  plate.  Samples 
were  randomly  pulled  after  a 3 min  mix  and  fat  content  was  determined  with 
an  Anyl  Ray  Instrument.  If  necessary,  the  fat  content  was  adjusted  to  21 
+ 2%.  The  average  temperature  of  the  Choice  trimmings  after  the  first  grind 
was  24°  F.  After  mixing  for  3 min  with  the  frozen  lean  and  grinding  through 
the  1/8  in  plate,  the  average  temperature  was  28°  F. 

Two  250  pound  batches  were  randomly  selected  from  the  3000  pound  batch 
after  the  final  grind.  Each  250  pound  batch  was  randomly  alloted  to  one  of 
three  patty  sizes  (8.0,  4.0  or  3.6  oz).  Ground  beef  was  passed  through  a 
FORMAX  24  patty  machine.  The  average  pressure  during  patty  formulation  was 
75  to  80  lb/ sq  in. 

Immediately  after  the  patties  were  formed  the  surface  was  treated  in 
one  of  three  ways  (Table  1).  The  surface  was  either  1)  left  plain;  2)  cut 
with  a knife-like"  blade  or  3)  cut  with  a "waffle-like"  blade.  The  knife 
cut  was  deeper  (approximately  0.25  in)  but  the  diameter  of  the  hole  was 
smaller  than  the  waffle.  The  waffle  cut  was  wider  but  not  as  deep  as  the 
knife  cut  (less  than  .15  in  deep). 

After  patty  formation,  the  patties  were  immediately  passed  via  conveyor 
belt  into  a Northf ield  Spiroblast  Ammonia  freezer  (-50°  F) . The  conveyor 
belt  speed  varied  depending  on  the  patty  size.  The  internal  temperature  of 
the  frozen  patties  averaged  20°  F after  12  to  16  min.  After  freezing,  patties 
were  placed  in  plastic  bags  and  stored  at  -10°  F until  shipment.  Patties  were 
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shipped  to  Beltsville,  Md.  via  truck  at  0°  F.  Patties  were  stored  at  -20°  F 
until  evaluated  for  sensory,  physical  and  chemical  properties. 

COOKING  METHOD  & PROPERTIES 

Frozen  patties  were  broiled  on  electric  Farberware  grills.  The  time 
varied  with  the  patty  size.  Preliminary  trials  indicated  that  in  order  to 
achieve  the  same  degree  of  doneness,  the  8.0  oz  patty  needed  to  cook  8 min 
on  each  side;  the  4.0  oz  patty  7 min;  and  the  3.6  oz  patty  6 min.  Degree  of 
doneness  was  evaluated  using  an  8 point  photographic  scale  with  8 = rate  and 
1 = well  done.  Degree  of  doneness  was  determined  5 min  after  sectioning. 
Total  cooking  loss  was  determined  as  the  weight  loss  from  the  frozen  to  the 
cooked  state.  Measurements  were  obtained  for  raw  and  cooked  patty  height 
and  diameter  in  order  to  evaluate  changes  during  cooking. 

PANEL  SELECTION  AND  TRAINING 

A 10-member  panel  was  selected  and  trained  in  descriptive  attributes 
by  the  procedures  of  Cross  et  al.  (1978).  The  panel  rated  the  following 
attributes  on  an  8-point  structured  scale:  (a)  tenderness  and  juiciness, 

with  8 = extremely  tender  and  juicy;  and  1 = extremely  tough  and  dry;  and 
(b)  connective  tissue  amount  with  8 = none  and  1 = abundant.  Panelists 
rated  six  samples  at  each  of  18  sessions.  Each  treatment  was  replicated  six 

times  and  samples  to  be  evaluated  in  each  session  were  selected  via  a table 

of  random  numbers. 

INSTRON  SHEAR 

Ten  patties  from  each  treatment  were  broiled  for  determination  of  shear 
values.  The  cooked  patties  were  cooled  for  at  least  2 hr,  and  shear  force 
was  measured  on  each  quarter  of  the  patty  with  the  single  blade  shearing  de- 
vice attached  to  the  Instron  as  described  by  Cross  et  al.  (1976b).  Data  were 

recorded  for  the  maximum  force  required  to  shear  through  the  meat  patty. 
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STATISTICAL  ANALYSIS 

For  each  type  of  data,  the  analysis  of  variance  was  obtained  using  a 
sequential  sums  of  squares  approach.  Since  many  of  the  contrasts  were  cor- 
related, it  was  also  necessary  in  the  means  analysis  to  use  Scheffe's  method 
to  confirm  in  several  instances  that  a difference  between  means  was  signifi- 
cant . 

RESULTS  & DISCUSSION 

Table  2 presents  data  concerning  the  effect  of  frozen  lean  source  on 
palatability  traits.  From  the  practical  viewpoint,  frozen  lean  source  had 
no  effect  on  palatability.  There  were  a few  significant  effects  but  the 
magnitude  of  the  difference  is  not  important. 

Frozen  lean  source  from  Mexico  and  Australia  had  significantly  less 
total  cooking  loss  than  ground  beef  prepared  from  domestic  frozen  lean. 

Frozen  lean  from  Australia  had  significantly  less  percent  diameter  change 
than  patties  prepared  from  domestic  lean.  Percent  fat  and  water  (as  expected) 
was  not  significantly  affected  by  frozen  lean  source. 

Patty  size  had  significant  (P  < .05)  effects  on  tenderness,  juiciness, 
amount  of  dectable  connective  tissue,  and  flavor  intensity  (Table  4) . The 
3.6  oz  patties  received  significantly  lower  ratings  in  all  of  the  afore- 
mentioned palatability  traits  when  compared  to  the  4.0  and  8.0  oz  patties. 
Patty  size  is  likely  more  closely  related  to  cooking  and  the  ability  of  the 
patty  to  withstand  high  cooking  temperatures. 

As  might  be  expected,  as  patty  size  decreased  the  percent  cooking  loss 
and  percent  diameter  change  increased  (Table  5).  Main  effect  interactions 
were  highly  significant  (P  < .01)  for  percent  height  change,  thus  further 
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means  analysis  is  inappropriate.  Degree  of  doneness  ratings  decreased  (more 
well  done)  as  patty  size  decreased — the  only  significant  difference  being 
between  the  8.0  and  3.6  oz  patties. 

Patty  treatments  (knife,  waffle  or  plain)  did  not  enhance  any  pala- 
tability  trait  (Table  6).  Untreated  patties  (plain)  were  more  tender  and 
juicy  than  patties  receiving  the  knife  or  waffle  treatment.  The  differences 
in  connective  tissue  and  flavor  intensity  were  not  significant  but  the  trends 
were  in  favor  of  the  untreated  patty. 

Patty  treatments  had  non-significant  effects  on  all  cooking  traits 
(Table  7).  There  appears  to  be  no  advantage  (other  than  appearance)  to  sub- 
jecting the  surface  of  the  patty  to  a knife  or  waffle  treatment.  This  data 
indicates  that  these  treatments  may  actually  have  negative  effects  on 
palatability . 
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TABLE  1.  Sample  Formulations. 


Formulation 

No. 

Raw  Meat  Material 

Patty 
Size,  Oz 

Patty 

Treatment 

1 

Mexican 

frozen  lean  + choice  trimmings 

8.0 

Plain 

2 

Mexican 

frozen  lean  + choice  trimmings 

' 4.0 

Plain 

3 

Mexican 

frozen  lean  + choice  trimmings 

3.6 

Plain 

4 

Australian  frozen  lean  + choice  trim. 

8.0 

Plain 

5 

Australian  frozen  lean  + choice  trim. 

4.0 

Plain 

6 

Australian  frozen  lean  + choice  trim. 

3.6 

Plain 

7 

Domestic 

frozen  lean  + choice  trimmings 

8.0 

Plain 

8 

Domestic 

frozen  lean  + choice  trimmings 

4.0 

Plain 

9 

Domestic 

frozen  lean  + choice  trimmings 

3.6 

Plain 

10 

Mexican 

frozen  lean  + choice  trimmings 

8.0 

Knife 

11 

Mexican 

frozen  lean  + choice  trimmings 

8.0 

Waffle 

12 

Mexican 

frozen  lean  + choice  trimmings 

4.0 

Knife 

13 

Mexican 

frozen  lean  + choice  trimmings 

4.0 

Waffle 

14 

Mexican 

frozen  lean  + choice  trimmings 

3.6 

Knife 

15 

Mexican 

frozen  lean  4-  choice  trimmings 

3.6 

Waffle 
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TABLE  2.  Effect  of  frozen  lean  source  on  palatability  traits. 


Frozen 

Lean 

Source 

Tenderness 

Juiciness 

Connective 

Tissue 

Flavor 

Intensity 

Instron 
Shear,  kg 

Mexican 

6.073 

5.8a 

5.4a 

5.5a 

8.37a 

Australian 

6 . 0a 

5.5ab 

5.6a 

5.3a 

6 . 97b 

Domestic 

5.8a 

5.3a 

5.3a 

5.2a 

7 . 22b 

n = 18  observations  per  mean 
ab 

means  in  the  same  row  with  different  superscripts  are  different  at 
the  P < .05  level  of  probability. 
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TABLE  3.  Effect  of  frozen  lean  source  on  cooking  properties. 


Frozen 

Lean 

Source 

Total 
Cooking 
Loss,  % 

% 

Diameter 

Change 

% 

Height 

Change 

RAW 

% 

Fat,  Wet 

% 

Water 

Mexican 

32.94a 

14 . 30ab 

18.443 

21. 52a 

61.35a 

Australian 

33.85a 

13. 86b 

15.36b 

22.65a 

58.42a 

Domestic 

36. 24b 

15 . 53a 

15.89b 

21.76a 

62.35a 

n = 48  observations  per  mean 

clt) 

means  in  the  same  row  with  different  superscripts  are  different  at 
the  P < . 05  level  of  probability. 
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TABLE  4.  Effect  of  patty  size  on  palatability  traits. 


Patty 

Size 

Tenderness 

Juiciness 

Connective 

Tissue 

Flavor 

Intensity 

Instron 
Shear,  ke 

8 oz 

6.ia 

5.7a 

5.6a 

5.6a 

7.91a 

4 oz 

6.0a 

5.5a 

5.4a 

5.5a 

7.33a 

3.6  oz 

5.6b 

5.3b 

5.2b 

5.1b 

7 . 22a 

n = 30  observations  per  mean 
ab 

means  in  the  same  row  with  different  superscripts  are  different  at 
the  P < .05  level  of  probability. 
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TABLE  5.  Effect  of  patty  size  on  cooking  properties. 


Patty 

Size 

Total 
Cooking 
Loss,  % 

Degree 

of 

Doneness 

% 

Diameter 

Change 

% 

Height 

Change 

% 

Fat , 
Wet 

% 

Water 

8 oz 

32.58b 

3.0a 

12.19° 

18.46* 

20.92b 

62.24b 

4 oz 

33.75ab 

2.4ab 

14.02b 

14.05* 

22.82a 

59 . 33a 

3.6  oz 

34.023 

2.0b 

16.02a 

16.78* 

22.37a 

59 . 41a 

n = 48  observations  per  mean 

interactions  highly  significant,  thus  further  means  analysis  is 
inappropriate . 

ab 

means  in  the  same  row  with  different  superscripts  are  different  at  the 
P < .05  level  of  probability. 
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TABLE  6.  Effect  of  patty  treatment  on  palatability  traits. 


Treatment 

Tenderness 

Juiciness 

Connective 

Tissue 

Flavor 

Intensity 

Instron 
Shear ,kg 

Knife 

5.7  3 

5.1b 

5.2a 

5.3a 

8.27a 

Waffle 

5.7a 

5.3b 

5.2a 

5.3a 

8.04a 

Plain 

6.0a 

5.8a 

5.4a 

5.5a 

8.37a 

n = 18  observations  per  mean 
ab 

means  in  the  same  row  with  different  superscripts  are  different  at  the 
P < . 05  level  of  probability. 


97 


TABLE  7.  Effect  of  patty  treatment  on  cooking  properties. 


Patty 

Treatment 

Total 
Cooking 
Loss,  % 

Degree 

of 

Doneness 

% 

Diameter 

Change 

% 

Height 

Change 

% 

Fat , 
Wet 

% 

Water 

Knife 

33. 19a 

2.6a 

13. 72a 

20.80* 

23.77a 

58.85a 

Waffle 

31.59a 

2.3a 

13. 16a 

24.91* 

21 . 34b 

61.20b 

Plain 

32 . 94a 

2.5a 

14 . 30a 

16.96* 

21 . 52b 

61. 35b 

n = 18  observations  per  mean 

* interactions  highly  significant,  thus  further  means  analysis  is 
inappropriate . 

ab 

means  in  the  same  row  with  different  superscripts  are  different  at  the 
P < .05  level  of  probability. 
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Objective : 


PHASE  II  - PART  1 

Survey  the  current  industry  practices 
pertaining  to  ground  beef  production. 
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SURVEY  OF  CURRENT  INDUSTRY  PRACTICES  PERTAINING 
TO  GROUND  BEEF  PRODUCTION 


Introduction 


The  tremendous  expansion  in  consumer  demand  for  ground  beef  has 
necessitated  high-speed,  large-volume  product  operations  for  ground  beef. 
With  this  expansion  has  come  variation  in  production  systems.  An  inter- 
esting article  appeared  in  the  September  1976  issue  of  Meat  Industry  de- 
scribing the  many  types  of  production  layouts  that  are  possible  for  ground 
beef  depending  on  the  volume  of  production. 

During  this  past  year,  major  commercial  ground  beef  operations  were 
interviewed  and  visited  to  determine  the  frequencies  of  certain  processing 
systems,  the  type  of  equipment  and  raw  material  sources  and  the  general 
comments  concerning  advantages  and  disadvantages  of  the  systems. 


SOURCE  OF  RAW  MATERIAL 

The  majority  of  the  commercial  operations  contacted  utilize  mature  cow 


mings  as  the  lean  source  with  USDA  Choice  plates  or  50%  Choice  trimmings  as 


the  fat  source.  While  USDA  Utility  is  the  most  frequent  grade  of  cow  used 


t_r  im- 

".V 


several  processors  were  using  USDA  Cutter  and  Canner  grade  beef.  One-third 
of  the  12  firms  contacted  used  frazen  rather  than  fresh  cow  meat;  much  of  this 


being  imported  from  Australia,  New  Zealand  and  South  American  countries.  Some 
operations  were  using  beef  derived  from  the  entire  cow  carcass,  while  others 
were  using  forequarter  and  hindquarter  meat  with  the  loins  and  ribs  removed. 


- 


‘ 
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Still  other  companies  used  USDA  Utility  chucks,  shanks  and  plates.  Specifi- 
cations often  called  for  no  visible  tendons  or  ligament  ends  on  shank  meat. 
One  processor  using  imported  cow  beef  from  a number  of  countries  commented 
that  he  preferred  Australian  cow  beef  due  to  improved  microbial  levels  and 
product  texture.  When  frozen  beef  was  used,  it  generally  comprised  20-40% 
of  the  formulation. 

PROCESSING  SYSTEMS 


Double  grind  systems  seem  to  be  the  most  prevalent  in  the  industry.  Con- 
siderable variation  exists  in  the  diameter  of  the  initial  grind  with  0.63  cm, 
0.95  cm,  1.27  cm,  1.59  cm,  and  1.90  cm  commonly  used.  Frozen  beef  is  hydro- 
flaked  prior  to  mixing  with  initial  ground  product  where  frozen  and  fresh 
beef  are  used  together.  Lean  and  fat  sources  are  ground  separately  for  the 


initial  grind  prior  to  mixing  before  the  final  grind.  In  operations  that 
utilize  chopping' as  the  initial  system  of  size  reduction,  4-8  bowl  revolutions 
are  made  where  the  bowl  capacity  is  800-2000  pounds. 

CO2  snow  or  pellets  are  used  in  some  operations  for  temperature  reduction, 
however,  preliminary  data  at  our  laboratory  indicate  that  patties  formulated 
from  product  whose  CO2  has  been  added  tend  to  have  excessive  crumbliness. 

This  observation  was  verified  by  one  processor.  The  final  grind  size  is  most 
frequently  0.32  cm  although  0.24  cm  and  0.20  cm  plates  were  also  used.  Some 
firms  use  bone  collector  plates  on  the  final  grind  although  one  major  fast- 
food  chain  will  not  permit  their  use  due  to  the  creation  of  mushiness  in  the 
product.  Mechanical  disinewing  does  not  appear  to  be  a common  process  as 
yet  in  practice  by  the  ground  beef  industry.  Flaking  of  beef  for  ground 
beef  production  seems  to  be  declining  due  in  part  to  claims  that  uneven 
degrees  of  cooked  doneness  and  product  puffing  occurs  in  patties  made  from 


flaked  meat. 


. 
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FAT  ANALYSIS 

Major  ground  beef  processors  use  rapid  fat  analyzers  in  continuous  pro- 
duction systems  with  Anyl  Ray  being  the  most  frequently  used.  Tolerance 
range  for  fat  is  often  2-3%  depending  on  the  buyer. 

PATTY  FORMATION 

Capabilities  exist  in  the  industry  for  various  size  and  shapes  of  patties. 
Ten  (45  g),  five  (91  g),  and  four  (113  g)  patties  per  454  g are  frequent  sizes 
observed  under  industry  practice.  Perforations  (knife  and  waffle)  are  also 
commonly  used.  Formax  appears  to  be  the  most  popular  equipment  line  for 
patty  production.  Product  temperatures  between  -1°  C and  2°C  are  typical 
for  proper  patty  production.  However,  some  operations  have  been  able  to 
process  patties  as  high  as  5°  C. 


Industry  practice  in  this  area  consists  of  individual  quick  freezing  of 
patties  cryogenically  in  freezing  tunnels.  Patties  are  usually  stacked  15- 
20  high  in  cartons  containing  about  300  patties  per  box,  although  many  opera- 
tions may  use  containers  with  only  50  per  box.  Some  processors  are  vacuum 
packaging  long  individual  stacks  of  patties  prior  to  storage.  Most  boxes 
are  lined  with  a moisture  polyethylene  bag.  Some  processors  shrink-bagging 
entire  palletized  volumes  of  boxes  containing  patties. 


FREEZING  & PACKING 


. 

• 
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Objective : 


PHASE  II  - PART  2 

To  determine  the  effects  of  grinding, 
flaking  and  combinations  of  these  two 
processes  in  the  production  of  precooked 
and  non-precooked  beef  patties  made  from 
Choice  trimmings  and  Cutter  and  Canner 
cow  trimmings. 
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EFFECTS  OF  GRINDING  VS  FLAKING  IN 
THE  PRODUCTION  OF  BEEF  PATTIES 

Introduction 

Flaked,  formed  and  cleaved  steak-like  products  have  been  successfully 
produced  in  the  meat  industry.  Flaking  has  also  been  used  in  some  opera- 
tions for  the  production  of  beef  patties.  However,  some  fast  food  estab- 
lishments are  no  longer  using  flaked  patties  due  to  claims  of  uneven  doneness 
in  cooked  product  arising  from  patties  swelling  in  the  center  during  cooking. 
There  have  also  been  some  claims  that  flaked  patties  do  not  hold  together 
well  especially  in  cookery. 

The  intent  of  this  study  was  to  evaluate  to  evaluate  flaking  vs  grinding 
using  beef  materials  differing  widely  in  maturity  (Choice  vs  Cutter-Canner 
cow)  in  the  production  of  both  raw-quick  frozen  and  precooked-quick  frozen 
patties . 

EXPERIMENTAL 

Raw  materials  for  use  in  this  project  consisted  of  USDA  Cutter  and  Canr.er 
cow  forequarter  and  hindquarter  beef,  USDA  lean  trimmings  from  top  sirloin 
butts  and  regular  USDA  Choice  table  (fat)  trimmings.  The  Cutter  and  Canner 
cow  meat  average  8.7%  fat,  the  Choice  lean  trimmings  7.9%  fat  and  the  Choice 
fat  trimmings  38.5%.  Formulations  were  processed  to  possess  24+  1%  fat 
utilizing  the  Foss-let  fat  analyzer  as  the  method  of  fat  analysis. 


■ 


Treatments  that  were  ground  were  processed  through  a 1.99  cm  plate 
initially  followed  by  grinding  through  a 0.32  cm  plate.  The  Cutter  and  Canner 
cow  meat  was  frozen  and  thus  was  subjected  to  pre-breaking  into  pieces  approx- 
imately 7.6  cm  in  all  dimensions.  Treatments  were  mixed  for  2 min  prior  to 
final  particle  reduction  steps. 

Flaking  was  performed  on  the  Urschel  Commitrol  120  head  where  flaking 
was  the  final  operation.  Treatments  that  were  flaked  first  and  then  ground 
were  flaked  using  the  Urschel  Commitrol  750  head  followed  by  final  grinding 
with  the  0.32  cm  plate.  Following  grinding  or  flaking,  113  g patties  were 
processed.  In  the  case  of  patties  to  be  frozen  from  the  raw  state,  they 
were  subjected  to  freezing  at  -38  C on  a moving  belt  spiral  freezer.  Patties 
that  were  precooked  prior  to  the  same  freezing  process  were  cooked  in  a Heat 
and  Control  unit  for  a total  time  on  a moving  belt  of  140  sec.  The  wet  bulb 
temperature  in  cooking  was  88  C,  while  the  dry  bulb  temperature  was  199  C. 
Product  was  stored  at  -26  C prior  to  the  appropriate  analyses. 

Two  batches  were  formulated  per  treatment.  The  Choice  fat  trimmings 
were  used  with  the  two  lean  sources  to  produce  the  24%  fat  levels  required. 

All  combinations  of  source  of  lean  trimmings,  processing  methods,  state  of 
product  prior  to  cookery  and  batches  depicted  in  Table  1 were  processed. 

Sensory  panel  training  and  procedures,  physical  measurements  and  chemical 
analyses  for  this  phase  and  part  were  identical  to  those  described  in  Phase  I- 
Part  1. 

RESULTS  AND  DISCUSSION 

Tenderness  scores  did  not  differ  substantially  among  the  various  treat- 
ment combinations  (Table  2) . In  some  comparisons  by  similar  processing  and 
state  of  product  combinations,  patties  made  from  Choice  trimmings  had  higher 
scores  for  tenderness  than  was  the  case  for  Cutter-Canner  cow  trimmings. 
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Connective  tissue  amount  scores  were  also  influenced  more  by  source  of  lean 
trimmings  rather  than  method  of  processing  and  state  of  product  when  cooked 
for  evaluation.  Flaking  did  not  alter  the  connective  tissue  component,  such 
that  it  was  less  detectable  by  the  sensory  panel. 

Juiciness  scores  and  rating  for  ground  beef  flavor  intensity  also  were 
not  greatly  affected  by  the  variable  studied.  Precooked  patties,  while 
essentially  cooked  twice  received  similar  scores  for  juiciness  as  their 
counterpart  cooked  from  the  raw  state  for  sensory  analyses. 

Instron  values  and  cooking  characteristics  are  presented  in  Table  4. 

Instron  maximum  shear  force  values  and  total  work  did  reflect  a higher  degree 
of  tenderness  in  formulations  made  from  Choice  trimmings  in  contrast  to 
Cutter-Canner  cow  trimmings.  With  the  exception  of  ground  Cutter-Canner  cow 
formulations,  precooked  patties  had  lower  maximum  shear  and  total  work  values 
than  patties  cooked  from  the  frozen  raw  form  just  prior  to  evaluation. 

Several  interesting  trends  were  apparent  for  cooking  characteristics. 

Patties  cooked  from  the  frozen-raw  state  underwent  greater  change  (reduction) 
in  patty  diameter  during  cooking  than  precooked  and  then  recooked  patties. 

However,  the  opposite  situation  was  true  for  patty  height.  Thus,  in  essence, 
patties  that  were  cooked  from  the  frozen-raw  state  tended  to  shrink  more  from 
the  outside  periphery  than  the  top  and  bottom  in  comparison  to  precooked 
patties.  The  differences  between  patty  diameter  changes  and  patty  height 
changes  in  frozen  raw  vs  precooked  patties  were  less  in  ground  formulations 
regardless  of  the  source  of  lean  trimmings. 

As  might  be  expected,  the  cooking  losses  were  much  greater  for  patties 
cooked  from  the  frozen-raw  state  than  was  the  case  for  precooked  patties.  This 
can  be  misleading  since  the  weight  loss  during  precooking  has  net  been  accounted  for 
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With  the  exception  of  Choice-ground-precooked  patties  having  higher  cooking 
losses  than  similar  Choice  precooked  patties  made  from  flaked  materials, 
source  of  lean  trimmings  and  method  of  processing  did  not  affect  cooking 
losses . 

Chemical  composition  for  fat  and  moisture  values  are  depicted  in  Table  5. 
Values  classified  under  "raw  patties"  would  have  received  no  cooking  for  raw 
product  and  one  cooking  for  precooked  product.  Values  under  "cooked  patties" 
would  have  been  cooked  once  for  raw  product  and  twice  for  precooked  samples. 
Cutter  and  Canner  cow  beef  patties  had  higher  moisture  values  in  raw  patties 
than  was  the  case  for  patties  in  the  raw  form  from  all  Choice  materials.  Pre- 
cooked patties  under  the  raw  category  were  similar  in  percent  moisture  regard- 
less of  the  source  of  lean  trimming.  This  might  imply  that  precooking  removed 
more  moisture  in  product  made  from  cow  trimmings  than  from  Choice  beef.  This 
conclusion  is  verified  by  the  values  for  percent  fat  on  a wet  basis  for 
Cutter  and  Canner  cow  patties,  where  little  differences  exist  between  raw  and 
precooked  patties;  while  on  a dry  matter  basis  the  percent  fat  is  much  lower 
in  precooked  than  raw  patties  for  these  formulations.  For  patties  made  from 
Choice  materials,  flaking  produced  similar  levels  of  moisture  whether  pre- 
cooked or  not,  but  resulted  in  much  higher  percentages  of  fat  in  the  product 
on  both  a wet  and  dry  matter  basis.  This  would  imply  that  for  flaked  Choice 
patties,  precooking  is  removing  more  fat  than  is  the  case  for  patties  manu- 
factured from  cow  materials. 

It  is  interesting  to  note  that  in  comparisons  under  the  category  of 
raw  patties  vs  cooked  patties,  raw  patties  decreased  in  percent  moisture  for 
the  broiling  type  of  cookery,  while  the  precooked  patties  being  cooked  for 
the  second  time  responded  in  the  opposite  manner  for  moisture  values.  Fat 
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levels  generally  went  down  substantially  for  the  broiling  cookery  regardless 
of  the  state  of  the  product.  These  results  would  indicate  that  in  the  second 
cooking  (broiling)  for  precooked  patties  they  are  losing  more  fat  in  the  cooking 
process  than  raw  patties  cooked  by  broiling  for  the  first  time.  Values  shown 
for  TBA  did  not  indicate  a high  degree  of  rancidity  for  any  type  of  formu- 
lation. 

CONCLUSIONS 

Neither  method  of  processing  (grind  vs  flake)  nor  state  of  product  when 
cooked  for  evaluation  (precooked  vs  frozen-raw)  exerted  much  of  an  effect 
on  palatability , Instron  values,  or  cooking  characteristics  in  this  study. 
Patties  made  from  Cutter  and  Canner  cow  trimmings  did  have  slightly  lower 
tenderness  as  measured  by  sensory  panel  and  Instron  values. 

Broiling  the  product  from  the  frozen-raw  state  or  the  frozen  precooked 
state  produced  the  major  differences  in  this  phase  of  the  project.  Patties 
cooked  from  the  frozen-raw  state:  1)  required  less  Instron  force  and  work 

to  shear  samples;  2)  shrunk  more  in  diameter,  but  less  in  height;  3)  possessed 
higher  cooking  losses;  and  4)  lost  more  moisture  and  less  fat  during  cooking 
than  comparable  formulations  cooked  from  the  precooked  state. 
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TABLE  1.  Experimental 

Design. 

Source  of 
Lean  Trimmings 

State  of  Product 
Prior  to  Cookery 
Processing  for 

Method  Evaluation  Batch 

Choice  trimmings  from 
top  sirloin  butts 

Initial  grind  1.99  Raw  1,2 

cm  plate  followed  Precooked 

by  final  grind  of 
0.32  cm. 

Cutter  and  Canner  cow 
trimmings 

Flaking  with  the 
Urschel  Commitrol 
120  head. 

Flaking  with  the 
Urschel  Commitrol 
730  head  followed 
by  final  grind  of 
0.32  cm. 
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TABLE  2.  Scores  for  tenderness  and  connective  tissue  amount  in  ground  and 
flaked  patties. 


Palatability  Trait 


Source  of 
Lean 

Trimmings 

Method 

of 

Processing 

State  of 
Product 

Batch 

Tenderness 

Score 

Connective 
Tissue  Amt. 
Score 

Choice 

Grind 

Raw 

1 

5.9 

4.5 

Choice 

Grind 

Raw 

2 

5.9 

5.0 

Choice 

Grind 

Precooked 

1 

6.0 

4.8 

Choice 

Grind 

Precooked 

2 

6.0 

4.8 

Choice 

Flaked 

Raw 

1 

5.3 

5.0 

Choice 

Flaked 

Raw 

2 

5.7 

4.1 

Choice 

Flaked 

Precooked 

1 

5.6 

5.0 

Choice 

Flaked 

Precooked 

2 

6.0 

5.0 

Choice 

Flaked 

& 

Ground 

Raw 

1 

5.8 

5.0 

Choice 

Flaked 

& 

Ground 

Raw 

2 

6.3 

5.4 

Choice 

Flaked 

& 

Ground 

Precooked 

1 

6.4 

5.2 

Choice 

Flaked 

6 

Ground 

Precooked 

2 

6.0 

5.2 

Cutter 

Canner 

& 

Grind 

Raw 

1 

5.5 

4.3 

Cutter 

Canner 

& 

Grind 

Raw 

2 

5.4 

4.2 

Cutter 

Canner 

& 

Grind 

Precooked 

1 

6.0 

4.5 

Cutter 

Canner 

& 

Grind 

Precooked 

2 

5.8 

3.2 

Cutter 

Canner 

& 

Flaked 

Raw 

1 

5.1 

4.1 

Cutter 

Canner 

& 

Flaked 

Raw 

2 

5.4 

4.3 

Cutter 

Canner 

& 

Flaked 

Precooked 

1 

5.8 

4.4 

Cont ' d 
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TABLE  2.  Scores  for  tenderness  and  connective  tissue  amount  in  ground  and 
flaked  patties.  (Continued) 


Palatability  Trait 


Source  of 
Lean 

Trimmings 

Method 

of 

Processing 

State  of 
Product 

Batch 

Tenderness 

Score 

Connective 
Tissue  Amt. 
Score 

Cutter 

Canner 

& 

Flaked 

Precooked 

2 

5.2 

A. 2 

Cutter 

Canner 

& 

Flaked 

& 

Ground 

Raw 

1 

5. A 

3.9 

Cutter 

Canner 

A 

Flaked 

& 

Ground 

Raw 

2 

5. A 

A.  1 

Cutter 

Canner 

& 

Flaked 

& 

Ground 

Precooked 

1 

5.6 

A. 2 

Cutter 

Canner 

& 

Flaked 

A 

Ground 

Precooked 

2 

5.2 

A . 0 

Ill 


TABLE  3.  Scores  for  juiciness  and  flavor  intensity  in  ground  and  flaked  patties. 


PALATABILITY  TRAIT 


Source  of 
Lean 

Method 

of 

State 

of 

Juici- 

ness 

Flavor  Intensity 

Trimmings 

Processing 

Product 

Batch 

Score 

Score 

Choice 

Grind 

Raw 

1 

5.2 

4.4 

Choice 

Grind 

Raw 

2 

5.1 

4.3 

Choice 

Grind 

Precooked 

1 

5.2 

4.3 

Choice 

Grind 

Precooked 

2 

5.1 

4.1 

Choice 

Flaked 

Raw 

1 

5.0 

4.3 

Choice 

Flaked 

Raw 

2 

4.7 

4.2 

Choice 

Flaked 

Precooked 

1 

5.1 

4.2 

Choice 

Flaked 

Precooked 

2 

5.2 

4.4 

Choice 

Flaked  & 
Ground 

Raw 

1 

4.9 

4.4 

Choice 

Flaked  & 
Ground 

Raw 

2 

5.5 

4.7 

Choice 

Flaked  & 
Ground 

Precooked 

1 

5.1 

4.3 

Choice 

Flaked  & 
Ground 

Precooked 

2 

4.8 

4.4 

Cutter 

& 

Grind 

Raw 

1 

5.0 

4.6 

Canner 

Cow 

Cutter 

& 

Grind 

Raw 

2 

4.9 

4.6 

Canner 

Cow 

Cutter 

& 

Grind 

Precooked 

1 

5.2 

4.3 

Canner 

Cow 

Cutter 

& 

Grind 

Precooked 

2 

5.6 

4.4 

Canner 

Cow 

Cutter 

& 

Flaked 

Raw 

1 

4.8 

4.2 

Canner 

Cow 

Cutter 

& 

Flaked 

Raw 

2 

5.2 

4.5 

Canner 

Cow 

Cutter 

& 

Flaked 

Precooked 

1 

5.2 

4.3 

Canner 

Cow 

Cutter 

& 

Flaked 

Precooked 

2 

4.9 

4.5 

Canner 

Cow 

Cutter 

& 

Flaked  & 

Raw 

1 

4.8 

4.2 

Canner 

Cow 

Ground 

Cutter 

& 

Flaked  & 

Raw 

2 

4.9 

4.4 

Canner 

Cow 

Ground 

Cutter 

& 

Flaked  & 

Precooked 

1 

5.0 

4.3 

Canner 

Cow 

Ground 

Cutter 

& 

Flaked  & 

Precooked 

2 

4.5 

4.4 

Canner 

Cow 

Ground 

112 


to 

to 

o 

rJ 


m 

o 

<r 

T— 1 

LO 

On 

o 

CnJ 

00 

IT) 

00 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

6^  C 

CM 

00 

00 

ON 

r— 1 

m 

o 

vO 

o 

cr> 

<r 

•H 

<r 

CNI 

CO 

r— 1 

<r 

rH 

CM 

CM 

co 

CN 

PS 

o 

o 

u 


CO 

0) 

■H 

AJ 

4J 

ctJ 

D. 

03 

0) 

PS 

co 

r— I 

4-4 

03 

p 

cfl 

03 

d 

3 

o 

>-l 

oo 

u 

o 

4-1 


CO 

u 

•H 


CO 

•H 

44 

0) 

aj 

u 

cfl 

(-4 

cfl 

rC 

a 

oo 

c 

•H 

PS 

O 

O 

CJ 

03 

P 

03 

CO 

0) 

3 

, 1 

ctf 

> 

c 

o 

s-j 

AJ 

CO 


<r 

PJ 

J 

03 

< 

H 


uo 

cj 

M 

H 

C/3 


CtJ 

PJ 

H 

cj 


cj 

e> 

z 

M 

fed 

o 

o 

CJ 

2 

o 

PS 

H 

c/0 

2 


03 

00  00  4J 

AJ 

vD 

CM 

tH 

CO 

rH 

rH 

in 

O 

00 

CTn 

o 

oc 

C C AJ 

PC 

• 

• 

• 

• 

* 

• 

• 

• 

« 

• 

• 

c 

•H  rl  CO 

oo 

rH 

CO 

CO 

vO 

vO 

v*D 

co 

00 

CO 

rH 

&•?  o3 
JC 

cj 

J-i  D-i 

3 O 

n o c 

CJ  *H 

•rH 

03 

33 

CM 

CNI 

rH 

CM 

rH 

CM 

rH 

CM 

rH 

CNI 

rH 

CO 

44 

00 

03 

P 

AJ 

•r-f 

p 

0) 

44 

•H 

£ 

3 

03 

Q 

00 

•H 

c 

Q 

<d 

•H 

oo 

PS 

a) 

c 

o 

•rH 

cc) 

o 

AJ 

X 

cj 

AJ 

CJ 

03 

Pm 

VJ0 

<r 

rH 

r*^ 

CM 

o 

CO 

o 

CM 

On 

o 

as 

• 

• 

• 

• 

• 

• 

» 

• 

e 

• 

• 

« 

00 

CO 

CM 

cn 

rH 

uo 

CTv 

o 

o 

o 

UO 

rH 

rH 

CN 

CM 

rH 

rH 

CM 

CNI 

P 


o <— 1 

U Cfl 

PS 

m 

\D 

o 

o 

o 

CO 

as 

rH 

o> 

<r 

AJ  AJ 

44 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

03  O 

O 

CN 

rH 

LO 

cn 

00 

o 

O 

O 

rH 

UO 

C H 

l— i 

2 

CO 

<r 

oo 

in 

MO 

UO 

vO 

o* 

. 

01 

X 

u 

03 

u 

X 

o 

Pm 

oo 

p 

2 

O 

l-l 

u 

cfl 

AJ 

03 

03 

-C 

c 

C/3 

l-l 

r^ 

iO 

CN 

Os 

MT 

<r 

03 

o^ 

o 

m 

CM 

CM 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CO 

rH 

CO 

CN 

CM 

rH 

m 

r^. 

On 

r^ 

CO 

uO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1-H 

rH 

03 

03 

03 

AJ 

0) 

03 

03 

03 

o 

-X 

PS 

-X 

4J 

3 

3 

0 

3 

O 

3 

o 

cfl 

4-4 

03 

cfl 

o 

cfl 

O 

Cfl 

o 

AJ 

o 

O 

PS 

o 

PS 

CJ 

PS 

u 

CO 

44 

0) 

0) 

01 

P-i 

44 

4j 

4J 

Cm 

Pm 

Pm 

00 

m3 

m3 

p 

03 

03 

03 

•rH 

03 

03 

(13 

03 

03 

03 

03 

03 

O 

03 

P 

P 

-X 

PS 

0) 

C 

03 

C 

J3 

4-1 

03 

•rH 

■H 

Cfl 

cfl 

-X 

3 

-X 

3 

AJ 

o 

a; 

4j 

4l 

r—i 

r-H 

cfl 

O 

cfl 

O 

03 

o 

cj 

Cj 

Pm 

Pm 

rH 

44 

i — 1 

44 

X 

o 

cn 

cj 

Pm 

O 

4i 

Pm 

03 

03 

03 

0) 

03 

0) 

-X 

PS 

PS 

5 

o 

3 

o 

3 

O 

cfl 

o 

cfl 

o 

cfl 

O 

PS 

u 

PS 

CJ 

PS 

O 

03 

03 

0) 

4l 

44 

44 

PM 

Pm 

Pm 

m3 

m3 

03 

03 

03 

03 

0) 

03 

03 

03 

03 

03 

C 

13 

PS 

PS 

03 

C 

03 

C 

■rH 

•H 

cfl 

cfl 

PS 

3 

PS 

3 

41 

4i 

rH 

i—4 

cfl 

O 

cfl 

O 

O 

O 

pH 

Pm 

i — 1 

44 

T— 4 

Jm 

Pm 

e> 

Pm 

o 

3 

3 

3 

2 

3 

o 

o 

o 

O 

o 

O 

4m. 

CO 

m3 

CJ 

m3 

CJ 

m3 

CJ 

m3 

CJ 

m3 

CJ 

m3 

CJ 

C 

&q 

e 

0) 

0) 

0) 

03 

0) 

03 

44 

41 

4i 

|M 

Im 

|M 

44 

44 

Im 

>M 

Im 

44 

03 

c 

•H 

CJ 

u 

u 

a 

CJ 

03 

03 

03 

03 

0) 

03 

0) 

0) 

03 

03 

03 

a) 

CJ 

cfl 

■rH 

*r4 

•rH 

•H 

•rH 

•rH 

4-4 

P 

AJ 

P 

AJ 

P 

AJ 

P 

AJ 

P 

AJ 

p 

44 

0) 

§ 

o 

o 

o 

O 

o 

o 

AJ 

P 

AJ 

c 

AJ 

P 

AJ 

P 

AJ 

P 

AJ 

p 

3 

J 

•H 

_c 

1— 

P3 

P3 

3 

Cfl 

3 

cfl 

3 

Cfl 

3 

cfl 

3 

cfl 

3 

Cfl 

O 

H 

CJ 

<5 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CO  H 


113 


<j 

CO 

o 

m 

<3" 

m 

00 

cn 

rH 

<r 

oo 

m 

i— H 

o 

as 

ca 

3 

r— 1 

m 

00 

<r 

T— 1 

m 

in 

m 

CT4 

rH 

o 

CN 

H 

rH 

• 

• 

• 

• 

• 

• 

• 

CO 

> 

rH 

o 

o 

o 

r— 1 

o 

o 

o 

O 

r— I 

o 

o 

E 

3 

O 

13 

TO 

0) 

Pi 

o 

o 

a 

TO 

3 

3 

3 

CO 

3 

a) 

x. 

4-1 

c 

•H 


to 

0) 

•H 

4-1 

4-1 

3 

a 

TO 

0) 

Pi 

3 

r-i 

4-4 

to 

c 

CO 

TO 

3 

3 

o 

(-1 

m 

1-4 

o 

4-4 


uo 

0) 

3 

r— I 

CO 

> 

a) 

3 

3 


CO 

•H 

O 

E 

TJ 

C 

cO 


m 

w 

hJ 

CP 

< 

H 


On 


5-4 

5-4 

Q 

0) 

CO 

m 

m 

CN 

00 

m 

O 

CN 

<3- 

cn 

40 

40 

64 

1 

xj 

•H 

• 

• 

• 

• 

• 

• 

. 

CO 

xj 

XJ 

CO 

CN 

lO 

co 

m 

m 

00 

00 

lO 

<3* 

co 

<r 

Os 

PJ 

cO 

cO 

CT3 

LO 

<3- 

<3* 

<r 

m 

<r 

<r 

<T 

<r 

<T 

lu 

s 

CQ 

H 

H 

< 

P-i 

XJ 

Q 

0) 

5-4 

PJ 

3 

<D 

CO 

43 

m 

oo 

00 

CN 

CT> 

as 

CN 

00 

o 

<3- 

00 

Pi 

E4 

1 

XJ 

■H 

• 

• 

• 

• 

• 

• 

• 

O 

4-1 

xj 

CO 

o 

cD 

CN 

as 

CN 

<r 

CN 

rH 

o 

o 

o 

CN 

O 

CO 

cfl 

co 

CsJ 

CN 

CN 

pH 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CJ 

1*4 

2 

0P 

oo 

40 

rH 

CN 

40 

CN 

co 

rH 

rH 

CN 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

rH 

ro 

CO 

vO 

rH 

r- 

CN 

CO 

NT 

m 

m 

LO 

in 

m 

m 

in 

in 

UO 

m 

U0 

in 

c/o 

w 

M 

H 

H 

< 

Pn 

3 


6^ 


64 


On 

5-4 

5-4 

Q 

a) 

CO 

1 

4-1 

•H 

4-0 

4-1 

UO 

Cfl 

Cfl 

cfl 

pH 

X 

CQ 

4J 

0) 

5-4 

3 

0) 

UO 

l 

4—4 

•H 

4-4 

4-1 

uo 

Cfl 

Cfl 

cfl 

pH 

X 

pp 

45 

<r 

m 

rH 

m 

m 

O 

CN 

o 

40 

CN 

• 

• 

• 

• 

• 

• 

• 

CO 

Os 

in 

as 

n- 

CN 

in 

40 

OO 

4) 

<r 

00 

40 

UO 

40 

m 

40 

m 

4> 

m 

m 

m 

4) 

m 

Os 

00 

CN 

m 

CN 

o 

<r 

00 

00 

• 

• 

• 

• 

• 

• 

• 

4i 

00 

00 

CN 

rH 

<3* 

in 

m 

co 

m 

m 

00 

CN 

CN 

CN 

CN 

CO 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

3 

3 

3 

4-1 

64  CO 
•H 

o 

2 


a)  u 

4-1  3 

CO  4-4  -o 

4-10  0 

C/0  44 

P-4 


00 

rH 

un 

CN 

CO 

m 

CN 

00 

o 

CN 

00 

rH 

m 

<3- 

m 

CO 

rH 

rn 

rH 

<3- 

o 

rH 

m 

m 

m 

m 

m 

m 

43 

m 

40 

m 

40 

in 

~o 

TO 

TO 

TO 

"3 

TO 

QJ 

QJ 

0) 

QJ 

QJ 

04 

pi 

pi 

Pi 

Pi 

Pi 

Pi 

3 

o 

3 

o 

3 

o 

3 

o 

3 

O 

3 

O 

cfl 

o 

Cfl 

o 

cfl 

o 

cfl 

o 

cfl 

O 

cfl 

o 

Pi 

u 

pi 

a 

pi 

a 

pi 

CJ 

Pi 

U 

pi 

u 

04 

QJ 

QJ 

QJ 

04 

04 

5-4 

5-1 

5-i 

5-4 

5-4 

5-i 

pH 

Pu 

pH 

Ph 

Ph 

Ph 

oc 

3 

T3 

•H 

O 

uo 

-3 

<4H 

c n 

4-1 

0 

04 

04 

CJ 

s 

o 

5h 

Ph 

11—4 

uo 

o 

00 

c 

CD 

C *H 

CJ 

Cfl  E 

3 

04  E 

2 

J -3 

O 

5-4 

CO 

H 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

45 

m3 

TO 

TO 

0) 

3 

3 

3 

3 

3 

TO 

T) 

3 

3 

c 

3 

Pi 

Pi 

Pi 

3 

Pi 

3 

3 

3 

Pi 

Pi 

TO 

TO 

nd 

TO 

■H 

•H 

3 

3 

3 43 

O 

3 

45  O 

-H 

•H 

3 

3 

3 

3 

0) 

3 

5-4 

3 

»— H 

i — 1 

rH 

3 

rH 

3 

3 

3 

r— 1 

T—C 

Pi 

3 

3 

cj 

CJ 

pH 

pH 

pH 

CJ 

Uj 

cj 

CJ 

CJ 

pH 

Ph 

3 

O 

a} 

O 

r— { 

3 

rH 

3 

pH 

CJ 

U-* 

CJ 

3 

3 

3 

3 

3 

3 

o 

o 

o 

o 

O 

0 

40 

CJ 

4) 

CJ 

45 

CJ 

40 

CJ 

44 

CJ 

CJ 

04 

0) 

3 

3 

3 

CD 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

U 

3 

u 

CJ 

a 

3 

3 

U 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0) 

3 

•H 

•rH 

-H 

•H 

*H 

4-1 

3 

4J 

3 

4J 

3 

4-4 

3 

4-1 

3 

4J 

3 

O 

O 

o 

O 

O 

O 

4-1 

3 

4-J 

3 

4-4 

3 

4-4 

3 

4-4 

3 

XJ 

3 

-3 

r~! 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

CJ 

<J 

CJ 

u 

CJ 

O 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

O 

CJ 

Phase  II  - Part  3 


Objecti ve: 


To  ascertain  the  effects  of  grinding,  chopping 
and  combinations  of  these  two  processes  in  the 
production  of  beef  patties  made  from  Choice 
chucks  and  Cutter  and  Canner  cow  trimmings. 


EFFECTS  OF  GRINDING  VS  CHOPPING  IN  THE  PRODUCTION  OF  BEEF 


PATTIES 

Introduction 

Several  systems  exist  in  the  industry  for  initial  partical  reduction 
prior  to  the  final  grinding  operation  in  the  production  of  ground  beef. 
Chopping  of  raw  materials  through  the  use  of  a food  chopper  or  silent  cutter 
has  been  used  to  produce  "chopped  beef"  that  has  been  packaged  in  keeper 
casings  for  distribution  to  other  processors,  retailers,  etc.,  for  final  grind 
ing.  Industry  comments  relative  to  chopping  have  been  favorable  in  terms  of 
brighter  color,  less  purge  loss  and  longer  shelf-life.  However,  research  has 
not  been  conducted  relative  to  assessing  the  importance  of  chopping  in  terms 
of  palatability  values.  Thus,  it  was  decided  to  evaluate  chopping  in  compari 
son  to  grinding  as  the  initial  stage  of  particle  reduction  using  Choice  and 
Cutter-Canner  cow  materials. 


EXPERIMENTAL 

Raw  materials  for  use  in  this  phase  consisted  of  USDA  Cutter  and  Canner 
cow,  forequarter  and  hi'\dquarter  beef,  USDA  chuck  and  neck  trimmings  and  USDA 
regular  chuck  trimmings  (52%  fat).  The  Cutter  and  Canner  cow  meat  averaged 
10%  fat,  while  the  chuck  and  neck  trimmings  were  18%  fat.  Formulations  were 
processed  to  possess  24  + 1%  fat  utilizing  the  Anyl  Ray  fat  analyzers  as  the 
method  of  fat  analysis  treatments  that  were  ground  were  processed  through  a 
1.58  cm  plate  initially  followed  by  grinding  through  a 0.32  cm  plate.  All 
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treatments  were  mixed  for  45  sec  between  the  initial  grinding  or  chopping 
and  the  final  grind  operation. 

Chopping  was  performed  in  a 363.3  kg  capacity  chopper  using  3 knives. 

Total  chopping  time  was  30  sec  or  a total  of  10  bowl  revolutions.  In 
treatments  designated  for  chopping,  after  the  chopping  step,  the  materials 
were  mixed  for  45  sec  prior  to  the  final  grinding  procedure  with  the  0.32  cm 
plate.  Patties  (86  g)  were  processed  and  the  product  was  stored  at  -26  c 
prior  to  the  appropriate  analyses. 

Two  batches  were  formulated  per  treatment.  All  combinations  of  the 
formulations,  processing  procedures  and  batches  depicted  in  Table  1 were 
processed . 

Sensory  panel  training  and  procedures,  physical  measurements  and  chemical 
analyses  for  this  phase  and  part  were  identical  to  those  described  in  Phase  I 
- Part  1. 

RESULTS  AND  DISCUSSION 

In  terms  of  definition  for  initial  and  final  tenderness  and  connective 
tissue  amount  as  assessed  by  the  sensory  panel,  initial  tenderness  = rating 
after  5 chews,  final  tenderness  = rating  after  15  chews,  initial  connective 
tissue  amount  = rating  after  15  chews,  final  connective  tissue  amount  = rating 
after  complete  mastication  of  the  sample  by  the  panelist.  Formulations  made  from 
all  Choice  materials  received  higher  initial  and  final  tenderness  ratings  than 
did  patties  made  from  Cutter  and  Canner  trimmings  with  Choice  trimmings  added 
for  fat  adjustment.  There  was  a trend  especially  for  Choice  formulations  of 
higher  tenderness  scores  for  product  initially  chopped  rather  than  ground  or 


ground  and  chopped  combined.  Scores  assigned  for  initial  tenderness  did  not 
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appreciably  differ  from  those  for  final  tenderness. 

Connective  tissue  amount  scores,  both  initial  and  final  also  reflected 
higher  values  (less  organoleptically  determined  connective  tissue)  for  both 
Choice  vs  Cutter-Canner  formulations  and  chopped  vs  grind  and  50%  grind  - 
50%  chopped  treatments.  It  would  appear  that  chopping  the  material  prior 
to  final  grinding  does  create  changes  in  the  connective  tissue  where  they 
are  slightly  less  detectable  in  the  final  patty  product.  There  were  some 
batch  differences  for  Choice  50%  ground  -50%  chopped  and  Cutter-Canner 
chopped  than  ground  formulations. 

Juiciness  scores  were  not  greatly  affected  by  the  treatment  variable  of 
this  study,  although  Cutter-Canner  ground  and  50%  ground  - 50%  chopped  formu- 
lations received  the  lowest  ratings  for  juiciness.  Cutter  and  Canner  formu- 
lations yield  patties  rated  lower  in  flavor  intensity  than  companion  patties 
made  from  all  Choice  trimmings. 

Instron  maximum  shear  force  measurements  essentially  revealed  no  differences 
among  sources  of  raw  material  or  processing  methods.  However,  total  Instron 
work  values  indicated  greater  work  (lower  tenderness  in  treatments  manufactured 
from  Cutter  and  Canner  cow  trimmings.  Visual  scores  for  degree  of  doneness  were 
influenced  more  by  batch  than  any  of  the  other  variables  studied.  It  is 
interesting  to  note  that  patties  processed  by  chopping  and  then  grinding  Cutter 
and  Canner  cow  beef  had  the  least  change  in  patty  height  upon  cooking  and  were 
also  low  in  cooking  loss.  Muscle  from  older  maturity  cattle  is  reputed  to  have 
better  water  holding  capacity  and  chopping  has  been  acclaimed  to  produce  less 
purge  loss  than  grinding. 

Differences  in  the  percent  moisture  in  cooked  patties  appeared  to  be 
influenced  as  much  by  batch  as  source  of  lean  and  processing  method.  There  was 


a slight  trend  on  a dry  matter  basis  for  treatments  initially  all  chopped 
prior  to  grinding  to  have  more  fat  in  the  cooked  product  than  was  the  case 
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for  other  treatments. 


CONCLUSIONS 


Generally,  grinding,  chopping  or  a combination  of  grinding  and  chopping 
as  the  initial  particle  reduction  system  did  not  greatly  affect  palatability , 
physical  or  chemical  values.  There  was  some  tendency  for  chopping  to  yield 
slightly  higher  tenderness  scores  and  less  organoleptically  assessed  connective 
tissue  than  grinding.  Patties  made  from  all  Choice  materials  had  higher  tender- 
ness scores,  less  detectable  connective  tissue  ratings  and  lower  total  Instron 
work  than  similar  patties  made  from  Cutter-Canner  cow  trimmings  with  Choice 
fat  trimmings.  In  summary,  it  would  appear  that  chopping  as  an  initial  system 
of  reducing  trimming  size  is  as  good  or  slightly  better  from  a palatability 
standpoint  as  the  double  grind  system. 
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TABLE  4.  Instron  and  cooking  characteristics  for  chopped  and  ground  beef. 
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TABLE  5.  i Chemical  values  for  cooked  chopped  and  ground  beef. 
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Obj  ective : 


Objective : 


PHASE  VI  - PART  1-FAT  SOURCES 
To  determine  the  effects  of  5 sources  of  fat: 

1)  Choice  plates;  2)  Choice  trimmings; 

3)  Choice  flanks;  4)  50-50  Choice  trimmings 
with  kidney  fat;  and  5)  50-50  kidney  fat  with 

brisket  fat  on  ground  beef  quality. 

PART  2 -FAT  LEVELS 

To  determine  the  effects  of  various  levels  of  fat 
(12,  18,  24,  and  307>)  on  ground  beef  quality. 
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EFFECTS  OF  VARIATIONS  IN  FAT  LEVEL  AND 
SOURCE  ON  GROUND  BEEF  QUALITY 

Introduction 

Several  studies  in  the  past  have  attempted  to  determine  the  major  quality 
characteristics  consumers  look  for  when  purchasing  ground  beef.  Glover  (1964) 
determined  that  the  primary  attribute  consumers  associate  with  ground  beef  quality 
is  the  degree  of  leanness.  Mize  (1972)  and  Law  et  al.  (1965)  revealed  that  con- 
sumers identify  color  first,  and  leanness  second  in  the  area  of  quality.  USDA 
regulations  stipulate  that  30%,  fat  is  the  maximum  allowable  fat  level  in  ground 
beef. 

Research  by  numerous  workers  has  shown  that  consumers  can  distinguish  ground 
beef  manufactured  with  different  fat  levels.  Cole,  Ramsey,  and  Odom  (1960) 
determined  that  consumers  preferred  ground  beef  containing  greater  than  1 5%  fat, 
while  a trained  sensory  panel  preferred  patties  in  direct  proportion  to  fat  content 
with  product  manufactured  at  35%  fat  receiving  the  highest  scores  for  pa  la tabil ity . 
Their  study  concluded  that  leaner  ground  beef  is  generally  less  palatable  than  ground 
beef  containing  at  least  25%  fat.  Mize  (1972)  and  Law  (1965)  found  that  con- 
sumers preferred  ground  beef  in  the  following  order  according  to  fat  level; 

15%,  25%  and  35%,.  Additional  research  by  Glover  (1964)  demonstrated  that  consumers 
preferred  ground  beef  containing  20%  when  compared  with  ground  beef  formulated 
to  16,  25,  and  30%,  fat  levels.  There  has  been  little  if  any  research  conducted 
to  determine  the  effect  of  fat  source  or  type  on  ground  beef  quality.  The 
objective  of  this  study  was  to  determine  the  effects  of  type  and  level  of  fat 


on  ground  beef  quality. 


■ 
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EXPERIMENTAL  FOR  PART  I AND  II 

GRINDING 

USDA  Utility  chucks,  Choice  plates,  Choice  trimmings,  Choice  flanks,  kidney 
and  brisket  fat  were  purchased  and  trucked  to  the  abattoir  at  the  Beltsville  Agri- 
cultural Research  Center.  All  raw  materials  were  ground  through  a 1.9  cm  plate, 
during  which  a 5.9  kg  grab  sample  was  collected  for  fat  analysis.  The  fat  content 
was  estimated  by  the  Anal-Ray  fat  analyzer;  Treatments  (22.7  kg  in  size)  were  then 
formulated  to  contain  12,  18,  24,  or  307o  fat  by  mixing  the  Utility  chucks  with 
one  of  the  fat  types  for  a total  of  3 min.  The  meat  was  then  ground  through  a 

0. 32  cm  plate,  after  which  145  gm  patties  were  formed  on  the  Hollymatic  No.  200 
patty  machine,  boxed,  and  frozen  at  -24°  C.  After  24  hours  3 patties  per  package 
were  wrapped  in  butcher  paper,  boxed  and  stored  at  -13°  C. 

The  procedures  for  cooking,  chemical  analysis,  physical  changes,  and  sensory 
panel  evaluation  were  generally  the  same  as  those  described  under  Phase  I,  part 

1.  The  percent  diameter  change,  percent  height  change,  and  final  cooked  temperature 
were  not  measured.  Cooking  times  to  achieve  the  same  degree  of  doneness  varied 
with  the  percent  fat.  Patties  containing  24 % fat  were  broiled  8 min  on  one  side 
turned  and  broiled  6 min  on  the  other  size;  30%  fat  broiled  7 min  on  one  side 
turned  and  broiled  5 min  on  the  other  side;  12%,  fat  broiled  5 min  on  one  side  turned 
and  broiled  5 min  on  the  other  side,  turned  and  broiled  5 more  min  on  the  first 
side;  and  18%  fat  broiled  4 min  on  one  side  turned,  broiled  4 min  on  the  other 
side;  turned  and  broiled  6 min  more  on  the  first  side.  The  sensory  evaluation 
panel  only  evaluated  final  tenderness,  final  connective  tissue  amount,  juciness, 

and  ground  beef  flavor  intensity  (refer  to  Phase  I,  Part  1).  In  addition 


panelists  evaluated  the  degree  of  coating  of  their  mouths. 
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RESULTS  AND  DISCUSSION  PART  I 

Table  2 shows  the  results  of  palatabil ity  and  Instron  measurements  on  ground 
beef.  Tenderness  was  not  affected  by  the  fat  source  used,  however,  the  30  percent 
fat  level  yielded  higher  (P<  .05)  tenderness  ratings  for  50-50  Choice  trimmings/ 
Kidney  fat  and  50-50  brisket  fat/kidney  fat  then  product  made  to  have  24  percent 
fat.  Instron  total  work  values  also  reflected  greater  tenderness  in  product 
possessing  30%  fat  vs.  treatments  with  24%,  fat.  Juiciness  also  was  only 
significant  (P<  .05)  for  fat  level,  with  patties  made  to  have  30%  fat  yielding 
higher  juciness  scores  than  24%,  fat  product.  Ground  beef  flavor  intensity  scores, 
connective  tissue  amount  scores,  degree  of  doneness  scores  and  cooking  loss 
percentages  were  not  significantly  (P>  .05)  different  for  fat  source  or  fat 
level  (data  not  shown).  Since  sensory  panel  scores  for  connective  tissue 
amount  revealed  no  difference  due  to  the  type  of  fat,  no  chemical  determination 
of  connective  tissue  was  done.  Table  3 shows  that  the  type  of  fat,  rather 
than  the  leve 1 of  fat,  influenced  sensory  scores  for  mouth  coating  due  to  fat. 

Product  made  from  choice  plates  were  scored  significantly  lower  (P<  .05) 
then  product  using  Choice  flanks  as  the  fat  source  with  Choice  flanks  rated 
higher  (P<  .05)  50%  brisket  fat-50%  kidney  fat  product.  It  should  be  noted  that  the 
magnitude  of  the  difference  between  fat  sources,  6.19  to  6.41,  is  of  no  practical 
value . 

The  percent  fat  was  determined  by  ether  extract  to  confirm  that  treatments 
were  formulated  to  24%,  or  30%  fat  (Table  4).  When  ground  beef  patties  were  cooked 
the  percent  fat  was  reduced  for  all  treatments,  with  the  30%,  fat  treatments  generally 
retaining  more  fat  than  24%,  fat  treatments  post  cooking.  The  percent  moisture 
was  also  determined  (Table  5).  Increased  fat  content  resulted  in  lower  percent 
moisture  raw,  as  would  be  expected.  The  percent  moisture  decreased  when 
ground  beef  patties  were  cooked. 
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CONCLUSIONS 

The  results  of  the  data  indicates  that  the  type  of  fat  used  in  the  manufacture 
of  ground  beef  does  not  affect  the  quality  of  ground  beef.  Scores  for  mouth 
coating  due  to  fat  were  the  only  parameter  in  which  a significant  difference 
due  to  the  type  of  fat  was  found,  however,  the  magnitude  of  the  difference  was 
of  minor  importance.  Level  of  fat  in  the  formulation  ( 24%  vs.  30%)  did  have  a 
significant  effect  on  tenderness,  juiciness, shear  force,  and  total  shear  work, 
with  30%  fat  having  higher  palatability  scores  and  reduced  Instron  values. 

The  effect  of  fat  level  will  be  discussed  in  more  detail  in  part  II. 

RESULTS  AND  DISCUSSION  PART  II 

Four  treatments  of  ground  beef  were  formulated  to  contain  12,  18,  24  and  307, 
fat  as  discussed  under  the  Experimental  portion  pertaining  to  grinding  in  parts 
I and  II.  Chemical  determination  of  the  percent  fat,  by  ether  extract  revealed 
that  the  treatments  were  in  fact  formulated  to  16,  20,  24  and  30%  fat  (Table  6). 
Throughout  the  rest  of  the  paper  these  treatments  will  be  referred  to  as 
16,  20,  24  and  30%  fat.  The  % moisture  of  raw  ground  beef  patties  was  highest 
for  the  16  / fat  treatment.  Upon  cooking,  all  treatments  lost  moisture, 
with  the  16%  fat  treatment  retaining  the  most  moisture  after  cooking 
(Table  7) . The  results  of  sensory  panel  evaluation  and  Instron  mechanical 
shear  are  shown  in  Table  8.  Tenderness  was  affected  by  the  % fat  in  ground 
beef,  with  the  16%  fat  treatment  being  significantly  (P<0.05)  less  tender 
then  either  24%  or  30%.  Sensory  panel  scores  for  juiciness  were  significantly 
(?<  0.05)  lower  for  patties  containg  16%  fat  compared  to  all  other  treatment 

scores.  In  addition  patties  containing  30%  fat  received  significantly 
(P<  0.05)  higher  scores  for  juiciness  than  all  other  treatments.  Since 
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paLLlea  processed  to  contain  16%  fat  had  less  moisture,  these  results 
would  support  the  positive  effect  fat  has  on  juiciness.  There  was 
significantly  more  (P  < 0.05)  detectable  connective  tissue  in  patties 
formulated  to  16%  fat  than  24  % or  30%.  The  magnitude  of  the  difference 
between  all  four  treatments  for  detectable  connective  tissue  amount  is  of 
minor  importance.  However,  patties  containing  24%  fat  received  the  highest 
scores  for  connective  tissue  amount  and  it  had  the  lowest  total  amount  of 
chemically  determined  total  collagen  (Table  9).  Scores  for  mouth  coating 
due  to  fat  were  significantly  (P  <0.05)  higher  for  30%  fat  samples  compared 
to  all  other  treatments.  This  could  be  attributed  to  the  fact  that  patties 
containing  30%  fat  had  the  most  fat  of  all  four  treatments  evaluated. 
Treatments  formulated  to  24  and  30%  fat  required  significantly  less  (P<0.05) 
total  Instron  work  to  shear  than  was  the  case  for  patties  made  to  have  16  or 
20%  fat.  Mention  should  be  made  of  the  relationship  between  Instron  total 
work  and  sensory  panel  scores  for  tenderness.  As  the  % fat  increased,  total 
work  decreased  and  sensory  panel  scores  increased,  reflecting  a more 
tender  product.  The  ground  beef  flavor  intensity,  degree  of  doneness,  Instron 
shear  force  (Kg)  and  % cooking  losses  were  all  nonsignif icantly  (P  >0.05). 
(data  not  shown)  It  was  surprising  to  note  that  ground  beef  containing 
different  percentages  of  fat  did  not  differ  in  % cooking  loss.  Partial 
explanation  for  this  phenomenon  can  be  seen  in  Table  10.  The  lower  the  % fat 
in  ground  beef,  the  less  fat  was  lost  and  the  more  moisture  was  lost  during 
cooking.  On  the  other  hand,  increasing  levels  of  fat  in  ground  beef 
resulted  in  more  fat  lost  and  more  moisture  retained  when  cooked. 

Generally,  the  patties  are  cooked,  the  fat  which  is  lost  accumulates  in 
the  pan  during  frying  and  may  be  visible  to  the  housewife,  whereas  the 
moisture  lost  is  not  visible.  Glover  (1964)  determined  that  consumers 
dislike  ground  beef  containing  high  levels  of  fat  because  of  excessive 
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shrinkage  when  cooked.  The  data  presented  here  reveals  that  in  fact  there 
is  no  difference  in  the  total  cooking  loss  of  patties  containing  16,  20, 

24  or  30%  fat.  However,  it  is  likely  that  the  visible  cooking  loss, 

(fat  drippings)  is  different  and  greatest  in  patties  possessing  30%  fat. 

CONCLUSIONS 

As  the  % fat  increased  in  ground  beef  from  16  to  30%  fat  tenderness 
and  juiciness  scores  assigned  to  cooked  patties  increased,  while  Instron 
total  work  decreased.  Since  total  losses  in  cooking  did  not  differ  among 
the  various  fat  levels  of  this  study,  product  manufactured  to  contain  30% 
fat  may  have  a higher  ratio  of  edible  portion  to  cost  because  30%  fat 
ground  beef  usually  is  priced  lower  than  product  at  24%  and  lower  fat 


levels . 
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TABLE  1 - Part  1.  Experimental  design  showing  the  sources  of  fat  using 

in  processing  ground  beef. 


FAT  SOURCE 24% 

Choice  Plates  X 
Choice  Trimmings  X 
Choice  Flanks  X 
Choice  Trimmings /Kidney  Fat  X 
Brisket  Fat/Kidney  Fat  X 


FAT  LEVEL 

30% 

X 

X 

X 

X _ 

X 


Table  1 - Part  II.  Experimental  design  employing  different  fat  levels. 


FAT  LEVEL 


Fat  Source 


12% 


18% 


24% 


30% 


Choice  Plates 


X 


X 


X 


X 
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TABLE  2.  Palatability  ratings  for  patties  incorporating  fat  from  various  sources 


Parameter 

Fat  Source 

24% 

Fat  Level 

30% 

Tenderness 

TRIM/KIDb 

BRISKET/KID 

5. 35d 
5 . 38d 

5 . 84e 
5 . 75e 

Juciness 

AVERAGE c 

5 . 26d 

5 . 54e 

Shear  Force  (Kg) 

AVERAGE 

8. 66d 

7 . 86e 

Total  Work 

AVERAGE 

54 . 51d 

48. 92e 

b = choice  trimmings  and  kidney  fat. 

c = average;  the  average  of  all  fat  sources  was  significant  for  fat  level. 

d,e  = paired  means  in  the  same  row  with  different  letters  are  significantly  dif- 
ferent (P  0. 05) . 
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TABLE  3.  Mouth  coating  scores  assigned  patties  incorporating  fat  from 
various  sources 


Fat  Source 

Average  Score  of  Fat  Level 

Choice  Plates 

6.20b>d 

Choice  Trimmings 

6.27 

Choice  Flanks 

6.41c 

Trim/Kida 

6.30 

Brisket/Kid 

6 . 19d 

a = 50-50  Choice  trimmings/kidney  fat,  50-50  brisket  fat/kidney  fat. 

b,c,d  = means  with  different  superscripts  are  significantly  different 
(P  .05). 
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means  in  the  same  row  and  column  for  percent  moisture  cooked  with  different  superscripts  are  significantly 
different  (P  0.05). 


135 


cr 

ll 


3 

tn 

tn 

O 

n 

9 

O 

o 

3' 

zr 

II 

1 

1 

O 

o 

o 

tn 

tn 

H* 

H* 

H- 

> 

O 

O 

n 

O 

3 

3 

3 

3 

3 

3 

W 

H 

I-' 

3 

3 

3j 

H 

'3 

V! 

H- 

H- 

M 

3 

1 — i 

CO 

3 

3 

3 

H- 

3 

H- 

K 

3 

3 

(3 

3 

3 

53 

3 

3 

(3 

H- 

3 

H- 

3 

o 

Du 

3 

Ml 

00 

H- 

3 

< 

3. 

Co 

H 

H- 


o 

fD 

* 

3 

CO 

O 

O 

3 

&. 

3 

o 

r+ 

fD 

(X 

O 
3 
I — 1 

O 

3 

"d 

3 

3 

O 


CD 

Ln 

Ln 

o-> 

Ln 

3 

O 

o 

O 

00 

rt- 

0 

o 

o 

0 

o 

Ln 

I-1 

N) 

ON 

3 


o 

H- 

CO 

rf 

C 

3 

3 


H- 

3 

o 

o 

o 

3 

O- 

"d 

3 

rt 

rr 

H* 

3 

CO 


tn 

4> 

tn 

tn 

o 

— J 

N3 

VO 

O 

M 

o 

« 

• 

« 

« 

. 

o 

■P' 

CT‘ 

O 

C3 

ov 

O 

53 

cr 

O' 

o' 

o* 

3 

Du 

tn 

Ln 

tn 

Oi 

Ln 

'U 

tn 

4> 

Ln 

» 

0 

0 

o 

0 

3 

to 

'•'vl 

00 

S3 

O 

Ui 

-O 

Ui 

Ui 

o 

00 

o 

VO 

M 

1 — 1 

o 

. 

e 

• 

• 

53 

VO 

U> 

VO 

ON 

3 

Cf 

cr 

O' 

C7* 

CJ* 

Du 

to 

O 

S'? 


33 

3 

3 

3 

3 

3 

(3 

s 

o 

H- 

CO 

(3 

3 

3 

3 

3 


't| 

!> 

H 

f 

W 

< 

w 

t-1 


TABLE  5.  Means  for  percent  moisture  in  raw  and  cooked  patties  incorporating  fat  from  various  sources. 
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TABLE  6.  Means  for  percent  fat  raw  and  cooked  patties  incorporating  fat  at  four  different  levels 
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TABLE  8.  Palatability  ratings  for  patties  incorporating  fat  at  four  different  levels. 
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TABLE  10.  Change  in  fat  and  moisture  content  of  patties  from  the  raw  to  cooked  state 
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Obj  ective : 


PHASE  VI  - PART  3- STORAGE 

To  access  the  effects  of  storage  on  palatability 
of  ground  beef  formulated  from  five  different  fat 
sources:  1)  Choice  plates;  2)  Choice  trimmings; 

3)  Choice  flanks;  4)  50%  Choice  trimmings  with 
50%  kidney  fat  and;  5)  50%  brisket  fat  with  50%, 

kidney  fat  (Part  1)  and  four  levels  of  fat  (16,  20, 
24,  and  30%)  (Part  2). 


EFFECTS  OF  VARIOUS  PERIODS  OF  FROZEN  STORAGE  ON  PALAT ABILITY 
AND  CHEMICAL  VALUES  OF  GROUND  BEEF  PATTIES 

INTRODUCTION 

The  ground  beef  treatments  discussed  under  Phase  VI  Parts  I and  II, 
were  reevaluated  by  the  sensory  taste  panel  at  3,  6 and  9 months.  In 
addition,  TBA  values  were  also  determined  at  3,  6 and  9 months. 

RESULTS  AND  DISCUSSION  OF  STORAGE  FOR  PART  I,  FAT  SOURCES 

In  general,  if  ground  beef  has  a TBA  value  of  2.00  or  greater  a sensory 
panel  should  be  able  to  detect  rancidity  in  the  product.  As  time  of 
storage  increases,  TBA  numbers  should  increase,  reflecting  increased  rancidity 
due  to  prolonged  storage.  It  can  be  seen  from  Table  1,  that  TBA  values 
decreased  over  time,  this  can  be  attributed  to  either  further  breakdown  to 
free  fatty  acids  or  the  perhaps  inappropriate  procedure  of  Tarladgis  (1960) . 

Table  2,  reveals  that  as  time  increased  ground  beef  flavor  intensity 
decreased.  This  is  a result  of  the  increase  in  detectable  off-flavors,  mainly 
rancidity,  as  time  increased  (data  still  being  analyzed).  In  general,  storage 
of  ground  beef  patties  formulated  from  various  fat  sources,  did  not  affect 
tenderness,  juiciness,  connective  tissue  amount,  degree  of  doneness, 
or  the  percent  cooking  loss  (Tables  3-7). 

CONCLUSION 


The  9 month  storage  of  ground  beef  patties  formulated  from  Choice 
plates,  Choice  trimmings.  Choice  flank,  50-50  Choice  trimmings/kidney  fat 


. 

■ 


or  50-50  brisket  fat/kidney  fat,  did  not  generally  increase  or  decrease 
sensory  panel  scores  for  tenderness,  juiciness  and  detectible  connective 
tissue  amount.  Cooking  parameters  of  % cooking  loss  and  degree  of  doneness 
were  generally  not  affected  by  storage.  The  major  problem  associated  with 
storage  was  the  general  decrease  in  ground  beef  flavor  intensity  after 
3 months  and  the  increase  in  off-flavors  detected  by  the  panel.  If  the 
development  of  off-flavor  could  be  curtailed  ground  beef  could  be  stored 
up  to  9 months  without  generally  affecting  other  palatability  traits  of 
ground  beef.  In  general  fat  source  did  not  affect  the  palatability  or 
cooking  characteristics  of  stored  ground  beef. 

%■ 

RESULTS  AND  DISCUSSION  OF  PART  II,  FAT  LEVEL 


Table  8,  shows  the  TBA  values  for  ground  beef,  formulated  to  possess 
fat  levels  of  16,  20,  24  and  30%  over  a 9 month  storage  period.  Again,  TBA 
values  decreased  instead  of  increasing  as  would  be  expected  (refer  to 
results  and  discussion  Part  I).  In  general,  ground  beef  flavor  intensity 
decreased  as  time  increased  (table  9).  The  difference  in  ground  beef 
flavor  intensity  between  fat  levels  was  small  (0.4  maximum).  The  general 
decrease  in  flavor  intensity  can  be  related  to  the  increased  frequency  of 
off-flavors,  predominantly  rancidity,  as  time  increased  (data  still  being 
analyzed).  Scores  for  tenderness  and  juiciness  (Tables  10  and  11)  respectively 
showed  a slight  tendency  to  decrease  with  prolonged  freezer  storage.  The  fat 
level  of  ground  beef  did  tend  to  affect  the  tenderness  and  juiciness 
scores  within  each  time  frame.  However,  the  sources  at  0 month  were  similar 
to  those  noted  at  9 months.  For  example,  patties  made  at  16%  fat  received 
a mean  tenderness  score  of  4.9  at  0 month,  the  lowest  of  all  four  scores,  and 
it  remained  the  lowest  for  each  time  period  (5.2  at  3 month.,  4.9  at  6 months 
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and  4.6  at  9 months  - Table  10).  In  gneral,  detectable  connective  tissue 
amount  was  not  affected  by  time,  however  fat  level  did  affect  sensory  panel 
scores  for  connective  tissue  amount.  Again,  the  differences  in  connective 
tissue  amount  due  to  fat  level  established  at  0 month  remained  approximately 
the  same  at  3,  6 and  9 months  (Table  12).  As  a whole  the  degree  of  doneness 
and  % cooking  loss  were  not  affected  by  the  length  of  storage  (Tables 
13  and  14). 

CONCLUSIONS 

The  9 months  storage  of  ground  beef  patties  containing  16,  20,  24  or  30% 
fat  resulted  in  an  increased  incidence  of  off-flavors,  reduced  tenderness 
and  juiciness  scores.  The  effects  of  various  fat  levels  noted  at  0 months 
remained  about  the  same  at  all  successive  time  intervals.  In  summary 
ground  beef  can  be  formulated  with  either  Choice  plates.  Choice  flanks, 

Choice  trimmings,  50%  Choice  trimmings  with  50%  kidney  fat  or,  50% 
brisket  fat  with  50%  kidney  fat  without  affecting  the  quality  of  ground  beef. 
Ground  beef  should  be  formulated  to  20%  fat  or  more  to  maximize  palatability 
attributes  and  not  stored  over  3 months  to  avoid  development  of  off-flavors. 


. 
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TABLE  6.  Degree  of  doneness  scores  over  time  for  Part  1 - Fat  Sources. 
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TABLE  7.  % Cooking  loss  over  time  for  Part  1 - Fat  Sources. 
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TABLE  8.  TBA  values  over  time  for  Part  II.  Fat  Levels. 
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TABLE  9.  Ground  beef  flavor  intensity  scores  over  time  for  Part  II.  Fat  Level 
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TABLE  11.  Juiciness  scores  over  time  for  Part  II.  Fat  Level 
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TABLE  12.  Connective  tissue  amount  scores  over  time  for  Part  II.  Fat  Level. 
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TABLE  13.  Degree  of  doneness  scores  over  time  for  Part  II.  Fat  Level. 
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TABLE  14.  % Cooking  loss  over  time  for  Part  II.  Fat  Level. 
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PHASE  VI  - PART  4 
SHELF-LIFE  OF  PARTS  1 & 2 
Objective:  To  evaluate  the  shelf-life 

characteristics  of  ground  beef 
prepared  from  raw  materials 
varying  as  to  anatomical  loca- 
tion and  level  of  fat. 
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SHELFLIFE  CHARACTERISTICS  OF  GROUND  BEEF  MANUFACTURED  FROM 
TRIMMINGS  VARYING  IN  ANATOMICAL  LOCATION  AND 
LEVEL  OF  FAT 

Introduction 

The  vast  array  of  processing  procedures  and  types  of  trimmings  for  ground 
beef  provides  an  excellent  environment  for  the  growth  of  bacteria.  The  grinding 
and  mixing  operations  used  in  ground  beef  processing  permits  a rather  complete 
distribution  of  microorganisms  into  the  product.  Several  studies  have  shown 
high  bacterial  counts  in  ground  beef  normally  distributed  through  retail  chan- 
nels (Rogers  and  McClesky,  1957;  Rao,  1970;  Duitschaever,  et  al.,  1973;  and 
Law,  et  al.,  1971).  However,  Emswiler,  et  al.  (1976)  found  that  proper  sani- 
tation and  refrigeration  will  permit  prolonged  shelflife  of  ground  beef. 

While  many  possibilities  exist  for  contaminating  beef  trimmings  intended 
for  ground  beef,  little  information  is  available  as  to  whether  certain  anatomical 
sources  of  the  trimmings  and  the  level  of  fat  in  the  final  product  exert  an  influence 
on  shelflife  characteristics. 


EXPERIMENTAL 

Sources  of  raw  material  and  procedures  for  the  manufacture  of  the 
ground  beef  have  been  previously  described  under  the  Phase  VI  report. 

Grab  samples  for  microbiological  analyses  were  aseptically  taken  from  each 
treatment  following  product  mixing  just  prior  to  the  final  grind.  Samples 


161 


(25  g)  were  blended  for  2 min.  with  225  ml  of  sterile  Butterfield’s  phosphate 
buffer.  Serial  dilutions  of  the  samples  were  plated  in  duplicate  on  3 sets 
of  plate  count  agar  (Difco  Laboratories,  Detroit,  MI).  Plates  were  incubated  at 
20°C  for  3 days  prior  to  enumeration. 

Following  the  final  grind,  454  g samples  were  wrapped  in  retail  film  wrap 
and  stored  at  3°C  under  90  foot  candles  of  incandescent  light.  The  lights  were 
turned  on  over  the  product  for  12  hours  each  day  for  the  3-day  duration  of  the 
shelflife  study. 

Each  day  a trained  three-member  panel  evaluated  the  packaged  samples  for 
color,  amount  of  surface  discoloration  and  lean  and  fat  distribution.  On  the 
third  and  final  day  of  the  storage  period,  the  panel  opened  the  packages  and 
scored  the  degree  of  off-odor  in  the  product.  The  scoring  systems  for  these 
shelflife  characteristics  are  presented  in  Table  1. 

RESULTS  AND  DISCUSSIONS 

Generally  a two-three  log  increase  in  bacterial  numbers  occurred  between 
zero  and  three  days  of  retail  display  (Table  3).  At  the  time  of  initial  pro- 
cessing, formulations  of  Utility  chucks-Choice  trimmings -Kidney  fat  and  Utility 
chucks-Kidney  fat-Brisket  fat  had  higher  mean  bacterial  counts  than 
other  formulations  when  processed  to  possess  247.  fat.  This  difference  was  also 
observed  following  three  days  of  display.  However,  formulations  containing 
kidney  and  brisket  fat  were  generally  lower  than  most  of  the  other  formula- 
tions when  processed  to  possess  307o  fat  regardless  of  length  of  storage.  No 
explanation  is  apparent  at  this  time  to  explain  this  result.  The  307o  formulation 
level  would  have  more  brisket  and  kidney  fat  than  the  24 °L  level.  Brisket 
fat  has  more  water  and  kidney  fat  contains  more  saturated  fatty  acids  than  the 
other  fat  which  might  exert  subtle  changes  in  product  composition  that  could 
affect  bacterial  numbers. 


* 


, 
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The  distribution  of  lean  and  fat  was  not  affected  by  formulation, 
level  of  fat  and  days  of  storage  (Table  4).  There  was  a tendency  for  the 
distribution  patterns  to  be  more  even  at  the  lower  levels  of  fat,  but  these 
differences  were  nonsignificant  (P  > .05).  While  kidney  fat  is  certainly  a 
much  whiter  fat  than  brisket  fat,  the  evaluation  team  did  not  find  any 
visible  differences  in  the  distribution  of  these  sources  of  fat  in  the  final 
ground  product. 

The  mean  values  for  product  color  by  level  of  fat  with  days  of  storage 
is  depected  in  Table  5.  This  interaction  effect  was  nonsignificant  (P  > .05). 
However,  when  averaged  across  storage  level,  each  level  of  fat  differed  (P < .05) 
in  color  score  from  all  other  levels.  A linear  effect  was  shown  in  that  as 
fat  level  increased,  lighter  color  scores  were  assigned.  Certainly,  the  dilution 
of  the  darker  lean  with  increasing  fat  explains  this  result.  In  addition, 
formulations  containing  kidney  and  brisket  fat  received  darker  color  scores  than 
product  incorporating  Choice  flanks  (3.66,3.48  vs  5.76).  Also  scores  assigned 
following  three  days  of  display  were  darker  than  the  panel  values  assigned  at 
zero  and  one  day  of  display  (3.44  vs  4.98,4.73), 

The  interaction  effect  of  storage  time  with  level  of  fat  also  proved 
nonsignificant  (P  > .05)  for  surface  discoloration  (Table  6).  Level  of  fat 
and  source  of  formulation  trimmings  were  not  influential  on  surface  discoloration 
scores.  As  expected,  a significantly  (P  < .05)  greater  amount  of  discoloration 
occurred  over  the  three-day  storage  period  (0  day  = 7.30,  1 day  = 6.46,  2 day  = 
5.54,  3 day  = 3.93). 

While  source  of  formulation  materials  did  not  affect  the  presence  of  off- 
odor  in  the  samples,  higher  levels  of  fat  tended  to  have  higher  frequencies 
of  off-odors  (Table  7).  This  trend  was  significant  (P  < .05)  between  the  30 
and  12  percent  fat  levels.  Since  much  of  the  off-odor  is  a result  of  bacterial 
spoilage,  lipolytic  organisms  were  possibly  quite  prevalent  in  the  microbial 
population  of  the  samples.  The  significant  relationship  between  off-color  and 
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bacterial  counts  is  shown  in  Table  8.  Likewise  samples  displaying  considerable 
surface  discoloration  also  had  higher  bacterial  counts,  Since  much  of  the 
discoloration  was  a change  from  red  to  brown  and  green  pigments,  the  color 
scores  were  also  highly  correlated  to  surface  discoloration. 

Storage  time  appeared  to  exert  more  of  an  influence  on  shelf-life 
characteristics  than  source  of  product  trimmings  and  level  of  fat3  However9 
formulations  containing  kidney  and  brisket  fat  had  higher  bacterial  counts 
when  formulated  to  24%  fat  and  were  darker  in  color  at  the  completion  of  the 
shelf-life  study.  Higher  incidences  of  off-odor  were  associated  with  higher 
levels  of  fat  in  the  product. 
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TABLE  1.  Scoring  systems  for  shelf-life  study. 
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TABLE  2.  Experimental  Design 


Utility 

Utility 


Formulation 

Combinations 

Chucks  - Choice  Flanks 
Chucks  - Choice  Plates 


Levels  Days  of  Evaluation 

of  Fat  Under  Retail  Display 


12 

18 


Utility  Chucks 
Utility  Chucks 

Utility  Chucks 


Choice  Trimmings 


24 


2 


Choice  Trimmings- 
Kidney  Fat 


30 


3 


Kidney  Fat- 
Brisket  Fat 
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TABLE  3.  Bacterial  counts  according  to  ground  beef  formulation,  level  of  fat 
and  days  of  storage3. 


DAYS  OF 

STORAGE 

0 

k 

1 

l 

3 

LEVEL  OF 

FAT 

FORMULATION 

24 

30 

24 

30 

Utility 

Chucks 

- Choice  Flanks 

5.5b 

6.0° 

8 . 2bc 

7.8ce 

Utility 

Chucks 

- Choice  Plates 

5.3b 

5.6b 

8.0b 

7.7e 

Utility 

Chucks 

- Choice  Trimmings 

6.0C 

5.  A 

8.4cd 

8 . 2bc 

Utility 

Chucks 

- Choice  Trimmings- 
Kidney  Fat 

7.1d 

4 . 9e 

8 . 9d 

7.4ef 

Utility 

Chucks 

- Kidney  fat 
Brisket  Fat 

7.0d 

5.3b 

8.8d 

7.2f 

mean  bacterial  counts  (log^)  per  g 


bcdef 


means  in  the  same  row  and  column  bearing  different  superscripts  are 
significantly  (P  < .05)  different. 
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TABLE  4.  Lean  and  fat  distribution  scores  as  influenced  by  level  of  fat  and 
days  of  storagea. 


Level  of  Fat,  % 

Days  of 

Storage 

0 

1 

2 

3 

12 

6.40 

5.92 

5.83 

5.94 

18 

5.61 

5.71 

5.62 

5.64 

24 

5.54 

5.49 

5.37 

5.24 

30 

4.83 

5.04 

4.63 

4.78 

a 


Scoring  system  is  given  in  Table  1. 
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TABLE  5.  Color  scores  as  influenced  by  level  of  fat  and  days  of  storage3. 


Level  of  Fat,  % 

Days  of 

Storage 

0 

1 

2 

3 

12 

3.01 

2.58 

2.58 

2.44 

18 

3.79 

3.62 

3.29 

2.85 

24 

4.76 

4.40 

4.01 

3.15 

30 

5.19 

5.06 

4.63 

3.73 

a 


Scoring  system  is  given  in  Table  1. 
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TABLE  6.  Surface  discoloration  scores  as  influenced  by  level  of  fat  and  days 
of  storage3. 


Level  of  Fat,  % 

Days  of  Storage 

0 

1 

2 

3 

12 

7.29 

5.46 

4.83 

3.71 

18 

6.76 

5.79 

5.54 

4.86 

24 

7.17 

6. 37 

5.30 

3.57 

30 

7.42 

6.55 

5.77 

4.29 

a 


Scoring  system  is  given  in  Table  1. 
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TABLE  7.  Off-odor  scores  as  influenced  by  level  of  fata. 


Level  of 

Fat,  % 

12 

18 

24 

30 

3.  72a 

2.85ab 

2.53ab 

2.29b 

Scoring  system  is 

given  in  Table  1. 
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TABLE  8.  Correlations  among  shelf-life  indicators. 


Color 

Surface 

Discoloration 

Lean  & Fat 
Distribu. 

Off- 

Odor 

Bacterial  Counts 

-.43* 

-.81** 

.01 

-.52* 

Color 

1.00 

.76** 

-.34 

CN 

O 

1 

Surface  Discoloration 

1.00 

vO 

o 

1 

.28 

Lean  and  Fat  Distribution 

1.00 

00 
1 — t 

1 

* P < .05 

**  P < .01 
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Ground  Beef  Palatability 

INTRODUCTION 

Sufficient  animal  protein  is  available  to  supply  the  nation's 
protein  requirement,  but,  socio-economic  circumstances  may  cause 
an  uneven  distribution  among  the  population  (Bird,  1974) . Also,  even 
in  an  affluent  society  such  as  ours,  questions  arise  concerning  the 
waste  of  useful  products.  Therefore,  much  attention  has 
recently  been  given  to  methods  of  recovering  and  utilizing  various 
kinds  of  proteins  in  ground  and  comminuted  meat  products. 

Bird  (1974)  estimated  that  by  1980  about  two  million 
pounds  of  meat  will  be  replaced  by  various  plant  proteins.  Most  agree 
that  soy  protein  is  and  will  remain  the  most  widely  used  of  these 
plant  protein  additives  for  ground  beef  production.  Obviously,  one  of 
the  most  important  factors  affecting  this  usage  is  palatability.  Soy 
protein  from  2 to  30%  was  tested  for  palatability  and  variables  such 
as  family  income  and  its  effect  upon  consumer  acceptance  were  considered 
(Mize,  1968;  Twigg  et  al . , 1977).  These  previous  studies  showed  that 
addition  of  various  soy  proteins  to  ground  beef  is  feasible  in  terms 
of  consumer  acceptance.  Tenderness  was  improved  with  the  addition 
of  soy  (Mize,  1968;  Huffman  and  Powell,  1970;  Twigg  et  al . , 1977; 

Cross  _et  al . , 1975)  and  other  sensory  panel  parameters  were  minimally 
affected.  Color  problems  and  flatulence  factors,  however,  have  been 
associated  with  soy  protein.  Also,  the  high  carbohydrate  content  of 
soy  leads  to  severe  bacterial  spoilage.  A new  commercial  process  has 
been  devised  to  remove  most  of  these  carbohydrates.  In  this  process 
the  soy  flour  is  acidified  (to  the  isoelectric  pH)  and  the  precipitate 
is  collected  and  pressed  into  a fiber.  The  resulting  product,  termed 
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Ground  Beef  Palatability 

"soy  protein  fiber"  is  90%  protein  with  a pH  of  5.2.  The  structure 
of  the  soy  additive  as  "fiber"  is  hoped  to  increase  the  textural 
desirability  of  food  products.  Substitution  of  the  soy  protein 
fiber  for  beef  has  not  been  evaluated  for  its  effect  on  the  textural 
qualities  of  ground  beef. 

Research  in  the  area  of  plant  protein  addition  to  ground  beef 
is  not  entirely  limited  to  soy.  McWatters  (1977)  found  that  patties 
containing  steam-heated  peanut  meal  were  similar  in  palatability  to 
all  beef  patties  and  to  patties  containing  a soy  protein  additive. 
Commercial  advocates  of  "flaked  peanut  meal"  maintain  that  in  contrast 
to  the  traditional  soy  additives,  peanut  meal  has  enough  fiber  to 
add  texture  to  food  products.  Also,  peanut  meal  does  not  possess 
flatulence  factors  and  sustains  a long  shelf-life.  Processing  methods 
for  flaking  of  peanuts  are  presently  being  developed. 

Mechanical  deboning  of  beef  has  been  suggested  as  a means  of 
reducing  protein  waste  by  recovering  meat  and  marrow  from  bones 
(Field,  1976;  Fried,  1976).  Many  large  packing  facilities  at  one 
time  were  equipped  with  mechanical  deboning  machines.  Cross  et  al. 
(1977)  reported  that  sensory  panel  members  preferred  ground  beef 
patties  containing  up  to  20%  added  mechanically  deboned  beef  to  the 
controls . 

Addition  of  soy  protein,  peanut  meal,  and  mechanically  deboned 
beef  increases  the  tenderness  of  ground  beef  patties  as  indicated 
in  the  previous  studies  cited.  Excessive  substitution  of  an  additive 
for  beef,  however,  may  cause  undesirable  mushiness.  The  objective  of 
this  study  was  to  compare  the  effects  of  soy  protein  fiber  (SPF), 
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Ground  Beef  Palatability 

peanut  meal  (PM) , and  mechanically  deboned  beef  (MDB)  upon  ground  beef 
texture.  Combination  of  the  MDB  with  SPF  and  with  PM  were  also  tested. 

EXPERIMENTAL 

Product  Formulation 

Two  hundred  kg  of  hand  deboned  beef  from  USDA  Choice  grade  chucks 
were  coarse  ground  through  a 2.54  cm  plate  and  thoroughly  mixed  in  a 
Hobart  Mixer-Grinder  (model  4346) . This  procedure  insured  that  all 
treatments  were  of  an  identical  lean  source.  The  coarse  ground  beef 
was  then  randomly  divided  into  15  batches  weighing  approximately  13  kg 
each.  The  formulations  listed  in  Table  1 were  prepared  by  adding  in 
the  appropriate  levels  of  MDB,  SPF,  and  PM  to  14  of  the  batches  on  a 
percent  weight  basis.  The  remaining  batch  (treatment  1,  Table  1)  did 
not  have  any  amount  of  MDB,  SPF,  or  PM  added  to  it  and  thus  served  as 
a control  of  100%  beef.  The  PM  was  dehydrated  Nutrex  precooked  peanut 
flakes  and  was  added  on  a hydrated  basis  (1  part  PM  to  1 part  water) . 
The  SPF  was  supplied  by  the  Ralston  Purina  Company  and  was  added  on  a 
dry  weight  basis.  Combinations  of  MDB  with  SPF  and  MDB  with  PM  were 
also  tested.  None  of  the  treatment  groups  required  the  combination  of 
SPF  with  PM.  After  the  appropriate  levels  of  MDB  and/or  PM  or  SPF 
were  added,  the  batches  were  separately  mixed  for  1 min;  ground  through 
a 1.9  cm  plate;  mixed  for  1 min;  and  finally  ground  through  a .32  cm 
plate.  Patties  weighing  114  g and  .95  cm  in  thickness  were  prepared 
in  a Hollymatic  patty  machine  (model  200) . Patties  were  frozen  and 
stored  at  -20  C until  needed  for  sensory  and  chemical  analysis. 
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Ground  Beef  Palatability 
1 Trained  Panel 

2 An  eight  member  sensory  panel,  trained  by  the  procedures  of 

3 Cross  et  al.  (1978),  evaluated  samples  from  each  treatment  in  a 

4 total  of  15  sessions;  six  samples  were  evaluated  per  session. 

5 The  control  was  replicated  11  times  and  the  treated  groups  either 

6 5 or  6 times  as  determined  by  a random  numbers  table.  The 

7 parameters  evaluated  were:  tenderness  (8  * extremely  tender,  1 = 

8 extremely  tough);  juiciness  (8  = extremely  juicy,  1 = extremely  dry); 

9 and  cohesiveness  (8  = extremely  cohesive — mushy,  1 = extremely  unco- 

10  hesive — coarse).  Due  to  the  particle  size  and  texture  of  MDB,  addition 

11  of  large  amounts  to  ground  beef  could  lead  to  a "mushy”  product  (Cross, 

12  et  al.,  1977).  This  concern  also  applies  to  some  plant  proteins  (Cross 

13  et  al.,  1975).  The  sensory  panel  was  trained  to  evaluate  those  possible 

14  differences  as  cohesiveness.  Patties  served  to  the  sensory  panel 

15  were  cooked  from  the  frozen  state  on  electric  Farberware  grills  (275  C) 

16  for  five  minutes  per  side. 

17  Cooking  Losses  and  Shear 

18  Cooking  loss  from  the  frozen  to  the  cooked  state  was  determined 

19  by  weighing  ten  patties  per  treatment  before  and  after  cooking.  Each 

20  of  the  10  patties  were  pictorially  scored  for  degree  of  doneness 

21  (color  photographs  with  1 * well  done  and  8 = rare)  by  a well  trained 

22  observer.  The  patties  were  then  sectioned  into  four  2.54  cm  squares 

23  and  the  resulting  40  sections  were  measured  for  maximum  shear  and 

24  area  under  peak  curve  using  the  Instron  single  blade  technique  of 

25  Cross  et  al.  (1978). 
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Ground  Beef  Palatability 
Chemical  Analysis 

Moisture  per  cent  was  determined  by  weighing  four  3 g samples 
before  and  after  drying  in  a 102  C oven  for  24  hours.  Fat  percent 
was  determined  by  weighing  the  four  3 g samples  before  and  after  a 
12-hour  fat  extraction  in  diethyl  ether.  Fat  levels  were  expected 
to  vary  due  to  the  addition  of  the  extra  protein  sources. 

Statistical  Analysis 

Sensory  panel,  degree  of  doneness,  percent  fat  and  percent  moisture 
mean  values  for  each  of  the  15  treatment  formulations  were  tested  for 
significant  differences  by  the  analysis  of  variance  (ANOVA)  followed 
by  Duncan’s  multiple  range  test  (Duncan,  1955).  In  the  Results  and 
Discussion,  the  results  from  this  statistical  procedure  for  sensory 
panel  data  will  always  refer  to  the  comparison  between  the  means  of 
the  specific  treatment  formulations  listed. 

In  addition,  the  ANOVA  procedure  of  Klotz  and  Teng  (1977)  was 
performed  to  test  the  individual  effects  of  each  additive. 

This  ANOVA  process  determines  if  a significant  response  is  given  by 
adding  varying  levels  of  additive.  Discussion  based  on  this  type  of 
statistical  analysis  will  not  associate  an  additive  with  a percent 
level  of  addition  but  will  refer  to  the  general  effects  or  "overall" 
response  given  by  the  sensory  panel  over  the  range  in  which  it  was 
added . 

RESULTS  AND  DISCUSSION 

Tenderness 

Mean  values  from  the  trained  sensory  panel  for  tenderness  are 
listed  in  Table  2.  In  agreement  with  Cross  _et_  al_.  (1977),  ratings  for 
tenderness  were  significantly  (P  <.05)  higher  for  patties  containing 
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Ground  Beef  Palatability 

30%  MDB  than  the  mean  value  of  the  control  product.  Patties  containing 
20  or  30%  MDB  did  not  differ  in  tenderness.  The  mean  value  of  5.1 
for  the  control  treatment  approached  an  unacceptable  level  of  tenderness. 
Overalls  the  addition  of  peanut  meal  (PM)  significantly  (P  <.01)  improved 
tenderness,  but  patties  containing  5%  PM  were  similar  to  the  control. 
Patties  with  10%  PM  were  rated  significantly  (P  <»05)  more  tender  than 
the  control.  Overall,  the  addition  of  soy  protein  fiber  (SPF)  to  the 
formulation  significantly  (P  <.001)  decreased  tenderness.  Patties 
containing  SPF  at  both  the  5%  and  10%  levels  were  rated  less  tender 
than  the  control  and  patties  containing  either  MDB  or  PM  alone.  Those 
differences  often  were  large  enough  to  be  important. 

The  addition  of  MDB  at  both  the  20%  and  30%  levels  improved  the 
tenderness  of  patties  containing  5%  or  10%  SPF.  This  improvement  was 
significant  (P  <.05)  for  10%  SPF  plus  30%  MDB  vs  10%  SPF  alone.  The 
improvement  in  tenderness  also  was  significant  between  10%  SPF  and 
30%  MDB  vs  10%  SPF  and  20%  MDB.  Tenderness  for  patties  containing  5% 

PM  was  significantly  improved  with  the  addition  of  either  20%  or  30%  MDB, 
but  this  was  not  the  case  for  the  10%  PM  level.  However,  the  combin- 
ation of  10%  PM  plus  30%  MDB  yielded  the  highest  mean  tenderness  value 
of  any  treatment. 

Our  data  from  tenderness  evaluation  suggest  that:  (1)  addition  of 
MDB  and/or  PM  improved  tenderness,  (2)  SPF  decreased  tenderness,  and 
(3)  the  addition  of  MDB  to  SPF  formulations  tended  to  offset  the 
negative  effect  of  SPF.  Those  conclusions  are  supported  by  ratings  of 
the  trained  sensory  panel  and  by  the  Instron  measurements  of  shear  force 


and  area. 
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Ground  Beef  Palatability 
J uiciness 

MDB  did  not  have  a significant  effect  on  juiciness  (Table  3) . 

Mean  values  for  patties  containing  0%  (control),  20%  and  30%  MDB  did  not 
differ.  Furthermore,  addition  of  PM  did  not  significantly  affect 
sensory  panel  juiciness  scores.  Mean  values  for  juiciness  did  not  differ 
between  0%  (control),  5%  and  10%  PM.  Addition  of  SPF  to  the  ground 
beef  patties  significantly  (P  <.001)  decreased  sensory  panel  juiciness 
scores.  Patties  with  10%  SPF  were  rated  significantly  lower  in  juiciness 
than  the  patties  with  0%  (control)  or  5%  SPF.  The  negative  effect  of  SPF 
on  juiciness  might  be  attributed  to  the  low  pH  of  the  SPF  additive. 
Combining  SPF  with  MDB  generally  improved  sensory  panel  juiciness 
over  that  of  SPF  added  alone. 

Cohesiveness 

Similar  to  sensory  panel  tenderness  results,  MDB  was  significantly 
(P  <.05)  linear  in  its  effect  on  sensory  panel  cohesiveness  (Table  3). 
Patties  containing  30%  MDB  differed  significantly  (P  <.05)  from  the 
control  in  cohesiveness.  In  agreement  with  Cross  et.  aJL.  (1977),  this 
result  may  indicate  that  addition  of  MDB  at  30%  or  higher  may  lead  to 
mushy  ground  beef.  The  increased  tenderness  achieved  by  adding  MDB  may 
be  attributed  to  its  tendency  to  produce  a mushy  texture  due  to  its 
small  particle  size.  This  occurrence  may  not  be  detectable  up  to  20% 
added  MDB.  Patties  containing  20%  MDB  were  similar  to  both  30%  MDB  and 
the  all-beef  control.  The  addition  of  SPF  alone  did  not  significantly 
affect  cohesiveness.  The  mean  values  for  patties  containing  5%  or  10% 

SPF  were  similar  to  the  mean  value  of  the  control.  Therefore,  it  could 
be  concluded  that  addition  of  SPF  does  not  increase  the  coarseness  of 
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Ground  Beef  Palatability 

1 

ground  beef  although  its  addition  yields  a less  tender  product. 

2 

Combination  of  SPF  with  30%  MDB  increased  the  cohesiveness  of  the 

3 

ground  beef  patties.  Patties  containing  10%  PM  had  significantly 

4 

(P  <.05)  larger  mean  values  for  cohesiveness  than  those  containing 

5 

5%  PM  or  the  control.  This  may  indicate  that  similar  to  MDB, 

6 

substitution  with  PM  at  high  levels  may  yield  a mushy  texture. 

7 

Combinations  of  PM  and  MDB  resulted  in  the  highest  mean  values 

8 

of  all  treatments  for  cohesiveness. 

9 

Cooking  Properties 

10 

Addition  of  higher  levels  of  MDB  and  SPF  alone  resulted  in  lower 

> 11 

ratings  for  degree  of  doneness  (Table  4) . These  decreases  were 

12 

significant  (P  <.05)  between  MDB  at  30%  vs  MDB  at  20%  and  the  0%  control. 

13 

Similarly,  SPF  at  10%  was  significantly  lower  than  5%  SPF  and  the 

14 

control.  Patties  with  PM  at  10%,  however,  were  significantly  higher  (less 

15 

well  done)  than  PM  at  5%.  Although  data  were  not  treated  statistically, 

16 

formulations  containing  SPF  appear  to  have  sustained  less  cooking  loss 

17 

than  formulations  without  SPF  (Table  5) . 

18 

Conclusions 

X 19 

Conclusions  based  on  these  data  are:  (1)  addition  of  MDB  or  PM 

20 

alone  increased  the  tenderness  and  cohesiveness  of  ground  beef  patties 

21 

but  did  not  affect  juiciness,  (2)  addition  of  SPF  decreased  tenderness 

22 

and  juiciness  but  did  not  affect  the  cohesiveness  of  ground  beef 

23 

patties . 

' 
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Table  1 


Product  formulation 


Treatment 

% Beef 

% MDBa 

% SPFb 

% PMC 

1 

100 

2 

80 

20 

3 

70 

30 

4 

95 

5 

5 

90 

10 

6 

95 

5 

7 

90 

10 

8 

75 

20 

5 

9 

70 

20 

10 

.10 

75 

20 

5 

11 

70 

20 

10 

12 

65 

30 

5 

13 

60 

30 

10 

14 

65 

30 

5 

15 

60 

30 

10 

aMDB  *=  mechanically  deboned  beef 
bSPF  = structured  protein  fiber 
CPM  ~ peanut  meal 


Table  2.  Sensory  and  physical  measurements  of  tenderness  subjected 
to  Duncan* s Multiple  Range  test  (Duncan,  1955). 


Formulation 

Descriptive 

panel 

tenderness 

Instron 

force 

(newtons) 

Control  (100%  beef) 

5 . I6”1 

111.15b 

20%  MDB 

5 . 5c“f 

93 . 95d 

30%  MDB 

6 . 2a”° 

71 . 08f 

5%  SPF 

4 . 8^8 

119. 85a 

10%  SPF 

3 . 9h 

124. 53a 

5%  PM 

5 . 2d~g 

104 . 60bc 

10%  PM 

6 . 0a“d 

102.43° 

20% 

MDB; 

5%  SPF 

5.2d"S 

97 . 05cd 

20% 

MDB; 

10%  SPF 

4 . 6®h 

85 . 45e 

20% 

MDB; 

5%  PM 

6 . la_c 

77 . 23ef 

20% 

MDB; 

10%  PM 

6 . 0a_d 

79 » 00ef 

30% 

MDB; 

5%  SPF 

5.6°"f 

74 . 88f 

30% 

MDB; 

10%  SPF 

5 . 6b“e 

73.08f 

30% 

MDB; 

5%  PM 

6 . 4ab 

72.05f 

30% 

MDB; 

10%  PM 

6. 6a 

62 . 48§ 

a“1Means  in  the  same  column  bearing  an  identical  letter  in  the 
superscript  do  not  differ  (P<.05). 


Table  3.  Mean  values  for  juciness  and  cohesiveness  subjected  to 
Duncan's  Multiple  Range  test  (Duncan,  1955). 


Formulation 


Descriptive  Descriptive 

panel  juiciness  panel  cohesiveness 


Control 

(100%  beef) 

5.8' 

20%  MDB 

5.6' 

30%  MDB 

6.0' 

5%  SPF 

5. 41 

10%  SPF 

4.7 

5%  PM 

5.6' 

10%  PM 

5.6' 

20%  MDB; 

5%  SPF 

5.4' 

20%  MDB; 

10%  SPF 

5.0 

20%  MDB; 

5%  PM 

6.i: 

20%  MDB; 

10%  PM 

5.5 

30%  MDB; 

5%  SPF 

5.4' 

30%  MDB; 

10%  SPF 

5.7' 

30%  MDB; 

5%  PM 

6.2' 

30%  MDB; 

10%  PM 

5.7' 

a-d 

a-e 

a-c 

de 

f 

a-e 

a-e 


c-e 

ef 

ab 

b-e 

c-e 

a-d 

a 

a-d 


4 . 8f 
5 . 2c”f 
5.6a"d 
5.1d~f 
4 . 8f 
4 . 7f 
5.4b"e 


5.2 

5.0 

5.8 
5.7 
5.5 
5.4 

6.1 

5.9 


c-f 

ef 

ab 

a-c 

a-d 

b-e 

a 

ab 


a— f 

^Means  in  the  same  column  bearing  an  identical  letter  in  the  supercript 
do  not  differ  (P<.05). 


Table  4.  Mean  Values  for  degrees  of  doneness,  cooking  losses 
and  chemical  analysis  of  uncooked  patties 


Formulations 

Degree  of 
donenessa 

Cooking 
losses  (%) 

Fat  (%) 

Moisture  (%) 

Control  (100%  beef) 

3,2Sh 

35.4 

25. 5C 

53. 0h 

20%  MDB 

3. 3h 

34.7 

29 . 5f 8 

51.5 

30%  MDB 

2. 4C 

34.5 

32. 4h 

48. 6C 

5%  SPF 

3.18 

30.9 

26. 7de 

53 . 3hi 

10%  SPF 

2-7ief 

30.6 

23. 9b 

56.73 

5%  PM 

2.8ef 

34.2 

32 . 2b 

43. 7b 

10%  PM 

3. 91 

32.2 

26. lcd 

54. 41 

20%  MDB;  5%  SPF 

3. if 

30.9 

29. 8^8 

50.3d“f 

20%  MDB;  10%  SPF 

2.9* 

30.2 

29.  V 

50.  O01"1 

20%  MDB:  5%  PM 

2.4f 

31.4 

26 . 0cd 

55. 7J 

20%  MDB;  10%  PM 

2.7de 

35.0 

30-3f„ 

30%  MDB;  5%  SPF 

2.2b 

31.2 

29.9fg 

51.0^g 

30%  MDB;  10%  SPF 

2. 2^ 

29.4 

31. 9n 

44-°hi 

30%  MDB;  5%  PM 

2.6* 

32.1 

27.6  f 

53. 8 j 

30%  MDB;  10%  PM 

2. 7de 

33.3 

32. 4h 

49 . 0cd 

aScored  pictorially  with  1 = well  done  and  8 = rare. 


b hMeang  -j_n  tj;ie  same  column  bearing  an  identical  superscript  do  not  differ 
(P< . 05) . 
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Introduction 

There  has  been  increased  interest  in  the  meat  industry  to 
produce  precooked  meat  items  for  use  by  the  institutional  trade. 

Several  elementary  and  secondary  schools  in  the  U.S.  are  using 
precooked,  frozen  beef  patties  rather  than  frozen,  raw  beef 
patties.  Some  advantages  cited  in  favor  of  precooking  are  reduced 
cooking  time  prior  to  serving  and  fewer  cooking  losses.  There  is 
almost  no  published  research  data  to  support  these  statements. 

Soy  added  to  meat  may  reduce  the  stale  or  warmed-over  flavor  in 
reheated  meat  because  certain  vegetable  extracts  are  effective 
antioxidants.  Sat®  et  al.  (1973)  found  that  adding  one  of  several 
cereal  protein  products  to  ground-meat  loaves  prevented  rancidity. 

Bowers  and  Engler  (1975)  added  soy  protein  to  raw  patties  that 
were  subsequently  either  cooked  or  precooked,  frozen,  and  reheated 
and  found  the  reheated^attfes  to  be  less  juicy  regardless  of  the 
amount  of  soy  in  the  formulation.  The  soy-containing  patties  that 
were  not  precooked  also  had. less  meaty  aroma  and  flavor  than  the  all  beef 
controls  (Bowers  and  Engler,.  1975). 

To  our  knowledge,  no  one  has  evaluated  the  palatability  of  patties 
precooked  with  commercial  equipment.  Me,  therefore,  undertook  to 
evaluate  the  effects  of  precooking  under  commercial  conditions  on 
palatability  and  cooking  properties  of  patties  containing  various 
levels  of  soy  protein.  Different  spice  and  soy  levels  were  included  in 
the  design  to  simulate  current  school  lunch/industry  practices  and  provide 
a product  that  could  vary  in  cooking  and  palatability  traits. 
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Experimental 

Seven  ground  beef  formulations  were  prepared  at  two  locations 
as  outlined  in  Table  1.  All  raw  materials  were  selected  on  the 
same  days  at  each  location.  U.S.  Utility  square-cut  chucks  were 
used  as  the  primary  lean  source;  fat  from  U.S.  Good  and  Choice  plates 
was  used  to  adjust  the  fat  content.  Minimum  batch  size  of  each 
formulation  was  45  kg»  and  two  batches  of  each  formulation  were 
prepared  at  both  locations.  Each  batch  was  prepared  from  different 
chucks  and  plates. 

Comminution; 

Location  A.  All  ‘ material  was  chopped  in  a commercial 
chopper  for  1 min  and  sampled  for  fat  analysis.  After  a 1-min  mix, 

10  grab  samples  (0.60  kg.  each)  were  analyzed  for  fat  with  the  Any 1-ray 
instrument.  Fat  contenfc-vranged  between  28.5  to  29.7%  for  two  batches, 
and  the  formulation  was  mixed  for  1 min.  Hydrated  soy  flour  (1.5  water 
to  1 soy)  and  soy  protein  concentrate  (see  Table  1)  were  added  to  the 
formulation,  and  the  batch'  was  mixed  again  for  1 min.  The  product 
was  passed  through  £ 0.32-cm  plate  for  the  final  grind.  The  ground 
beef  mixture  was  formed  into  75g  patties  with  a formax  patty 
machine.  The  patties  were  chilled  with  CO2  to  an  internal  temperature 
..of  about  0 to  2°C.  They  were  then  either  frozen  or  precooked. 

Location  B.  All  raw  material  was  passed  through  a 1 . 90- cm 
breaker  plate,  mixed  for  1 min.  and  sampled  for  fat  analysis.  Fat 
content  was  determined  with  a Honeywell  fat  analyzer.  Fat  content 
was  28.5  to  29.5%,  respectively,  for  the  two  batches. 
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The  mixtures  were  formualted  and  the  patties  prepared  as  described 
for  location  A. 

Precooking  Methods 

Location  A,  Patties  were  broiled  in  a custom-made  gas  broiler 
to  an  internal  temperature  of  approximately  50  to  55°C.  The  design 
of  the  cooking  apparatus  was  such  that  the  patty  moved  along  a belt 
and  was  heated  from  both  sides.  The  time  from  beginning  of  cooking 
until  the  product  reached  the  freezer  was  approximately  4 min. 
Patties  then  passed  through  a liquid  nitrogen  tunnel  for  5 t©  6 min 
and  were  chilled  to  an  internal  temperature  of  about  -5°C. 

Location  B.  Patties  were  broiled  in  a custom-made  gas  broiler 
to  an  internal  temperature  of  approximately  5Q  to  55°C.  The  heat 
source  was  from  both  directions  as  in  location  A.  The  oven  was 
13  m long  and  the  time  from  beginning  of  cooking  until  the  product 


reached  the  freezer  was  approximately  4 min.  Patties  were  frozen 
in  a NH^  carousel  to  an  internal  temperature  of  approximately  -1O0C<» 
Frozen  patties  from  each  location  (raw  and  precooked)  were 
stored  at  - 10°C  for.  two  days  until  shipment  via  air  (-10°C)  to  the 
Heat  Science  Research  Laboratory  at  Beltsville,  Maryland,  where 
they  were  stored  at  -20°C  for  analysis. 

Cooking  Losses 


Fifty  raw  patties  from  each  batch/formulation/location* 
combination  were  randomly  selected  for  weighing  before  and  after 
the  precooking/freezing  treatment.  Patties  were  weighed  to  the 
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nearest  28. Og.  The  weights  of  15  raw,  frozen  patties  and  15  precooked, 
frozen  patties  were  determined;  each  was  reweighed  after  cooking  at 
the  Meat  Science  Research  Laboratory,  and  total  cooking  losses 
were  determined. 

Cooking  Procedures 

Frozen  raw  and  frozen  precooked  patties  were  cooked  in  an 
electric  oven  preheated  for  30  min  at  225°C.  Patties  were  placed 
four  to  a pan,  two  pans  per  oven,  and  roasted  at  200°C  for  13  min. 

The  patties  were  not  turned  during  cooking.  Preliminary  cooking 
trials  revealed  that  frozen  patties  whether-  precooked  or  raw, 
required  approximately  the  same  amount  of  time  to  reach  an  internal 
temperature  of  55°C.  Internal  temperature  was  measured  with  iron/ 
constantan  thermocouples  connected  to  a Honeywell  recorder. 

Frozen,  precooked  potties  were  also  cooked  in  a General  Electric 
model  500  microwave  oven.  Four  patties  were  placed  on  a glass  plate 
and  cooked  for  2 min.  Then  the  plate  was  rotated  one-quarter  turn 
and  the  patties  were  cooked  2 more  min. 

Sample  Preparation  and  Presentation  to  Panel 

Samples  were  served  warm  to  the  panelists  (within  2 min  after 
removing  from  the  oven).  Each  patty  was  quartered,  and  two  pieces  from  each 
sample  randomly  allotted  to  each  panelist.  Samples  were  placed  in  nonwaxed 
paper  cups  and  served  to  the  panelist  one  cup  at  a time.  To  prevent  cooling 
during  serving,  the  paper  cups  were  placed  on  heated  sand  for 
no  more  than  2 to  3 min.  Panelists  were  served  distilled  water 
at  room  temperature  so  that  they  could  rinse  their  mouths  between 
samples. 
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Trained  Descriptive  Attribute  Panel 

An  eight-member  panel,  trained  according  to  Cross  et  al.  (1978), 
evaluated  samples  from  each  of  the  three  cooking  treatment®  ia  & 
total  of  24  sessions;  and  six  samples  were  evaluated  at  each 
session.  The  trained  panel  evaluated  each  sample  for  tenderness, 
fragmentation,  juiciness,  detectable  connective  tissue,  and  flavor 
intensity  on  the  basis  that  8 « extremely  tender,  juicy,  a© 
connective  tissue,  and  intense  flavor;  and  1 » extremely  tough, 
dry,  an  abundant  amount  of  connective  tissue,  and  bland  flavor* 

The  panel  also  subjectively  evaluated  the  samples  for  flavor 
acceptability  in  order  t©  detect  those  samples  that  were  intense' 
but  unacceptable  in  flavor  from  thobe  with  intense  acceptable 
flavor.  Only  four  of  the  seven  formulations  (Table  1)  were 
presented  to  the  sensory  panel. 

Instron  Shear 

Ten  patties  from  each  treatment  were  sheared  with  single  blade 
device  attached  to  the  Instron  as  described  by  Cross  et  al.  (1978). 
Each  patty  was  allowed  to  cool  2 hr  and  sectioned  into  four  2.54-cm 
squares.  Each  square  was  sheared  once. 

Oxidative  Rancidity 

Five  patties  from  each  treatment  were  randomly  selected,  frozen 
in  liquid  nitrogen,  and  powdered  in  a high-speed  blender.  Rancidity, 
as  TBA  values,  was  determined  by  the  procedures  of  Tarladgis  et  al. 


(1964). 
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Statistical  Analysis 

The  experimental  design  was  a 4x3x2  factorial  with  incomplete 
blocks  (formulation;  cooking  method  and  location)  and  each  contrast 
(comparison)  was  estimatable  in  at  least  two  of  the  six  replications. 

Mean  separation  was  performed  according  to  Scheffe  (1959).  In  designing 
the  study,  we  were  concerned  that  the  precooking  location  interactions 
might  confound  the  reheating  methods  location  interactions.  If  location 
is  found  to  have  significant  effects,  all  location  interactions  will  vary 
accordingly;  however,  cooking  method  and  formulation  can  still  be  studied 
if  they  are  averaged  over  location.  Consequently,  when  an  interaction 
involving  location  was  significant  at  the  P<0.05  level,  we  constructed  a 
second  ANQVA  table  (not  shown)  such  that  each  sum  of  squares  involving 
location  was  pooled  with  the  error  sum  of  squares  into  a residual  sum  of 
squares  term.  This  enabled  us  “to  test  the  remaining  mean  squares  and  to 
gain  information  about  main  effects  averaged  over  location.  The  estimate 
of  pure  error  from  the  first  ANQVA  table  (not  shown)  was  used  in  each  means 
analysis  only  when  all  interactions  were  nonsignificant  (P<0.05);  otherwise, 
the  pooled  residual  mean  square  from  the  second  ANQVA  table  was  used. 

Results  and  Discussion 

Mean  squares  associated  with  the  main  effects  of  formulation  (except 
for  juiciness)  and  cooking  method  were  highly  significant  and  quite  large 
compared  to  each  significant  interaction  mean  square  (data  not  shown). 
Consequently,  real  differences  in  formulation  and/or  cooking  methods  could 
be  expected.  This  was  confirmed  with  the  second  ANQVA  (data  not  shown), 
which  also  showed  no  significant  interactions  between  formulation  and  cooking 
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Sensory  panel  and  Instron  maximum  shear  force  results  are 
presented  in  Table®  2 through  8.  Mean  separation  was  calculated 
across  all  formulations  and  the  three  cooking  methods.  Mean 
values  for  tenderness  are  presented  in  Table  2.  The  addition  of 
soy  to  the  formulation  significantly  increased  the  panel  ratings 
for  tenderness.  The  all-beef  formulation  (no  soy  proteins)  was 
rated  "slightly  tough"  by  the  panel.  Experience  indicates  that  a 
rating  of  less  than  5 (8-point  scale)  by  a trained  panel  usually 
indicates  that  the  product  would  be  rated  as  "unacceptable"  by  a 
consumer  panel.  Cross  et  al.  (1976b),  Huffman  and  Powell  (1970) 
and  Twigg  et  al.  (1975)  have  also  reported  increased  tenderness  with 
increasing  levels  of  soy.  U.S.  Utility  chuck  is  a common  raw 
material  for  use  in  ground  beef  — • including  that  accepted  by 
U.S.D.A.  school  lunch  purchase  programs.  Cross  et  al.  (1976a) 
reported  that  ground  meat  produced  from  U.S.  Utility  or  lower 
grade  meat  was  unacceptably  tough,  due  primarily  to  large  amounts 
of  "tough"  connective  tissue.  Likely,  the  addition  of  soy  protein 
diluted  the  connective  tissue  in  the  final  product.  Although 
panel  tenderness  ratings  for  patties  prepared  at  location  A were 
higher,  formulations  were  ranked  in  the  same  order  at  each 
location.  , 

Patties  that  were  cooked  from  the  frozen,  raw  state  were  signifi 
cantly  more  tender  than  patties  that  were  precooked  and  then  reheated 
The  differences  were  large  enough  to  be  important.  Differences 
between  cooking  methods  were  also  significant  within  each  formualtion 
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Mean  values  for  Instron  maximum  shear  force  by  formulation9 
cooking  methods  and  location  are  presented  in  Table  3.  There  was 
a significant  formulation/cooking  method  interaction  but  in  view  of 
the  highly  significant  effect  of  cooking  method 9 we  concluded  that 
differences  exist  between  cooking  methods.  Panel  and  maximum  shear 
force  evaluations  of  tenderness  agreed  closely.  All  beef  (no  soy 
protein)  patties  were  significantly  (P  <0.05)  tougher  than  patties 
containing  high  levels  of  soy  protein.  Precooked  patties  were 
significantly  tougher  than  patties  cooked  from  the  raj*  state. 

Panel  ratings  for  ease  of  fragmentation  (Table  4)  followed  • 
trends  similar  to  panel  evaluations  of  tenderness  (Table  2)  and 
maximum  shear  force  (Table  3).  As  it  did  for  tenderness®  the 
addition  of  soy  protein  increased  the  ratings  for  ease  of  fragmentation. 
Precooking  with  subsequent  reheating  adversely  Effected  texture. 

Patties  that  were  reheated  with  the  microwave  oven  were  rated 
significantly  lower  than  were  those  cooked  by  the  other  two  methods. 

Panel  ratings  for  connective  tissue  are  presented  in  Table  5. 

The  addition  of  soy  protein  to  the  formulation  tended  to  offset  the 
adverse  effects  of  connective  tissue.  Cross  et  al.  (1977)  reported 
that  the  addition  of  mechanically  deboned  beef  had  a similar  effect 
on  ground  beef  produced  from  U.S.  Utility  grade  meat.  Cooking 
method  significantly  affected  panel  ratings  for  connective  tissue. 

Patties  cooked  from  the  raw,  frozen  state  had  less  panel-detectable 
connective  tissue  than  reheated  patties. 

The  addition  of  soy  protein  to  the  formulation  did  not  significantly 
affect  panel  ratings  for  juiciness  (Table  6)  but  cooking  method  had  a 
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pronounced  effect.  Precooked,  reheated  patties  were  rated  signifi- 
cantly lower  than  patties  cooked  from  the  raw  state,  and  the 
differences  were  large  enough  to  be  of  practical  concern.  There 
were  differences  between  locations;  but,  as  with  previous  palatability 
attributes  (Tables  2-5),  the  rankings  were  identical  between 
locations. 

Tables  7 and  8 present  data  for  panel  ratings  of  flavor  intensity 
and  flavor  acceptability.  Acceptability  ratings  are  usually  used  only 
with  -untrained  consumer  panels  but  were  used  in  this  study  t©  '"flag8' 
possible  off-flavors.  In  general,  the  panel  objected  to  the  level 
of  pepper  and  spices  in  the  formulations.  Many  panelists  consented 
that  the  flavor  was  not  necessarily  undesirable  but  just  not  that  of 
ground  beef.  This  comment  was  reflected  in  the  intensity  ratings 
which  were  all  above  6.0  (Table  7).  No  trends  could  be  established 
with  regard  to  soy,  spi&e  level,  or  formulation.  An  exception  was 
the  all  beef  formulation  (No.  1);  it  received  the  highest  ratings 
for  intensity  and  the  lowest  for  acceptability  (Tables  7 and  8). 
Formulation  1 was  the  only  one  containing  salt  and  black  pepper. 
Huffman  et  al.  (1978)  reported  that  low  levels  of  salt  usually 

I 

enhanced  the  flavor  of  ground  beef.  Likely,  the  black  pepper  was 
the  main  contributor  to  the  unfavorable  ratings;  but  to  be  certain, 
additional  research  will  be  necessary.  Cooking  method  significantly 
affected  ratings  for  flavor  intensity  but  not  for  flavor 
acceptability  (Tables  7 and  8).  As  mentioned,  the  spice  level  was 
likely  so  high  that  any  differences  due  to  cooking  method  were  masked. 
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Mean  ratings  for  degree  of  doneness  are  presented  in  Table  9. 

The  formulation  x location  % cooking  method  interaction  was  highly 
significant  (P  <0*005).  After  adjustment  for  locations,  the  formulation 
x cooking  method  interaction  (data  not  shown)  was  also  highly 
significant  (P  <0.005).  Results  for  formulation  and  cooking  method 
were  significant  (P  <0.05);  however*  we  do  not  know  whether  the 
significance  was  due  to  the  formulation  x cooking  method  interaction 
or  real  differences  in  formulation  and/or  cooking  method,  Patties 
that  were  not  precooked  tended  to  be  rated  less  well  done  than  patties 
that  were  precooked  and  reheated.  Reheating  fey  roasting  or  with, 
microwave  seemed  to  have  little  effect  on  degree  ©f  doneness. 

Mean  TBA  values  by  cooking  method  are  presented  in  Table  10. 

The  formulation  x location  interaction  was  significant  (data  not  shown). 
We  then  determined  whether  the  formulations  differed  significantly  in 
TBA  values  given  the  significant  interaction.  The  F value  for 
formulation  was  significant  (P  <0.002)  and  indicated  that  formulation 
1 generally  had  higher  TBA  values  than  the  remaining  formulations. 
Cooking  method  had  no  significant  effect  on  TBA  values.  By  the  end 
of  2 months  storage,  most  patties  had  reached  a level  of  oxidative 
rancidity  that  could  be  normally  detected  by  a trained  panel. 

One  of  the  often  cited  advantages  for  precooking  and  reheating 
frozen  patties  is  reduced  cooking  loss  as  compared  to  that  of  non- 
precooked  patties.  Cooking  loss  can  best  be  evaluated  on  the  basis 
of  the  total  loss  from  raw  patty  to  the  final  cooked  patty.  Total 
loss  can  be  determined  from  Table  11,  which  presents  the  stepwise 
losses.  Cooking  losses  for  patties  that  were  precooked  and  reheated 
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were 


from  10  to  15  points  greater  than  those  for  the  non- 


precooked  patties.  As  expected*  cooking  loss  was  the  highest  for  the 
all-beef  patty. 

Conclusions 

The  level  of  soy  protein  in  the  formulation  and  cooking  method 
significantly  affected  palatability . The  primary  objective  of  this 
study  was  to  evaluate  the  effects  of  precooking  beef  patties  on 
ultimate  palatability.  Various  levels  of  soy  protein  in  the  formulation 
were  included  in  the  experimental  design  only  so  that  we  could  evaluate 
the  effects  of  cooking  methods  on  patties  widely  different  in  palatability. 
Patties  that  were  precooked,  frozen,  and  reheated  were  tougher  and  drier, 
and  lost  more  weight  during  processing  than  those  not  precooked.  The 
all-beef  patty  had  unacceptably  high  TBA  values  regardless  of  location 
or  cooking  method.  Our  study,  indicates  that  there  is  little 
advantage  to  precooking  beef  patties. 
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Table  1.  Patty  Formulation 


Formulation 

Beef 

Salt 

Black 

Pepper 

Spice® 

Soy 

Flour 

Soy 

Concen. 

Water 

% 

% 

1 

me  & 

1 

% 

1 

1 

1 

98.55 

1.00 

0.05 

— 



2 

89.25 

— 

0.75 

4.00 

6.00 

3 

78.50 

— 

1.50 

8.00 

12.00 

4 

68.00 

2.00 

12.00 

18.00 

5 

87.75 

2.25 

2.00 

1.40 

6.60 

6 

77.00 

— 

3.00 

5.00 

2.15 

•12.85 

7 

67.50 

2.00 

7.00 

3.00 

20.50 

fable  2.  Mean  panel  tenderness  ratings  for  each  level  of  formulation* 
formulation  by  cooking  method,  and  formulation  by  location 


Formulation^ 

Formulation 

average 

Tenderness  Ratinga 
Cooking  method 

Location 

Precook 

and 

roast  reheat 

Precook  and 
microwave 

reheat 

Raw 

and 

roast 

1 

2 

1 

4.64e 

4.26 

4.33 

5.32 

4.88 

4.39 

2 

5.07d 

4.70 

4.42 

6.10 

5.32 

4.82 

3 

5.57c 

5.31 

4.99 

6.40 

5.82 

5.31 

4 

5. 80c 

5.49 

5.29 

6.62 

5.90 

•5.69 

Average 

5.27 

4.942 

4.762 

6.11* 

5.49 

5.05 

'8  = extremely  tender  and  1 = extremely  tough. 

(Refer  to  Table  1 for  composition  of  each  formulation. 

:^sMeans  in  the  same  column  with  different  superscripts  differ  significantly  (P  <„05). 
’"Means  in  the  same  row  with  different  superscripts  differ  significantly  (P  <.05). 


Table  3.  Instron  maximum  shear  force  means  (kg)  by  formulation 
formulation  cooking  method,  and  formulation  location 


Maximum  shear  force 
Cooking  method 

Location 

Formulation® 

Formulation 

average 

Precook 

and 

roast  reheat 

Precook 

and 

microwave 

reheat 

Raw 

and 

roast 

1 

2 

1 

5.1ibc 

5.46 

5.62 

4.26 

4.00 

6.22 

2 

5.78b 

6.32 

5.61 

5.50 

4.75 

6.66 

3 

5.00bc 

5.63 

4.96 

4.29 

3.97 

5.90 

4 

4. 6QC 

5.06 

4.64 

4.11 

4.72  • 

4.49 

5 

4. 85c 

4.66 

4.78 

4.11 

4.13 

5.58 

6 

4.51c 

4.96 

4.70 

3.87 

4.15 

4.87 

7 

4. 40c 

4.50 

4.72 

3.97 

4.20 

4.59 

Average 

4.89 

5.241 

5.151 

4.34  2 

4.28 

5.51 

aRefer  to  table 
bcc*Means  in  the 

1 for  composition  of  each 
same  column  with  different 

formulation. 

superscripts 

differ 

significantly 

(P  <.05). 

l»2Means  in  the  same  row  with  different  superscripts  differ  significantly 

(P  <. 05) . 


Table  4. 


Mean  panel  ease  of  fragmentation  ratings  by  formulation,  formulation 
cooking  method,  and  formulation  location 


Fragmentation  rating® 

Cooking  method 

Location 

Formulation^1 

Formulation 

average 

Precook 

and 

roast  reheat 

Precook 

and 

microwave 

reheat 

and 

roast 

1 

2 

1 

4. 95e 

4.71 

4.71 

5.42 

5.20 

4.69 

2 

5.19de 

4.96 

4.67 

5.96 

5.40 

4.99 

3 

5.44cd 

5.24 

4.82 

6.26 

5.64  • 

5.24 

4 

5. 65c 

5.37 

5.18 

6.39 

5.78 

5.51 

Average 

5.31 

5.Q72 

4.843 

6.011 

5.50 

5.11 

a8  “ extremely  easy  and  1 = extremely  difficult. 
bRefer  to  table  1 for  composition  of  each  formulation. 

cdejfeans  in  the  same  column  with  different  superscripts  differ  significantly  (P  <.Q5). 
l*2,3Means  in  the  same  row  with  different  superscripts  differ  significantly  (P  <.05). 


Table  5.  Mean  panel  connective  tissue  ratings  by  f ormulation,  formulation 
cooking  method,  and  formulation  location 


Connective  tissue  rating® 

Cooking  method 

Location 

Formulation^ 

Formulation 

average 

Precook 

and 

roast  reheat 

Precook 

and 

microwave 

reheat 

Raw 

and 

roast 

1 

2 

1 

4. 52f 

4.40 

4.33 

4.83 

4.76 

4.28 

2 

4 . 85e 

4.57 

4.50 

5.47 

4.98. 

4.72 

3 

5.27d 

5.06 

5.00 

5.74 

5.37 

5.16 

4 

5. 57c 

5.38 

5.35 

5.97 

5.67 

5. 46 

Average 

5.05 

4 . 852 

4.  SO2 

5.501 

5.20 

4.91 

a6  * no  detectable  connective  tissue  and  1 - abundant 
fcRefer  to  table  1 for  composition  of  each  formulation 

cdefjieans  ia  the  same  colunm  wi£|}  different  superscripts  differ  significantly  (P  <.Q5). 
l»2Means  in  the  same  row  with  different  superscripts  differ  significantly  (P  <.05). 


Table  6.  Mean  panel  juiciness  ratings  by  formulation,  formulation 
cooking  metbod9  and  formulation  location 


Juiciness  ratings® 

Formulation^5 

Formulation 

average 

Cooking  method 

Location 

Precook 

and 

roast  reheat 

Precook 

and 

microwave 

reheat 

Raw 

and 

roast 

1 

2 

1 

5. 32c 

4.86 

5.05 

6.05 

5.78 

4.86 

2 

5. 45c 

5.05 

5.05 

5.96 

5.57 

5.33 

3 

5. 52c 

5.14 

4.98 

6.44 

5.30 

5.23 

4 

5. 39c 

5.07 

4.84 

6.26 

5.42 

5.36 

Average 

5.42 

5.032 

4.982 

6.251 

5.64 

5.20 

a8  *=  extremely  juicy  and  1 =v 

extremely^  dry. 

bRefer  to  table  1 for  compositions  of  each  formulation. 

cMeans  among  different  formulations  were  not  significantly  different  (P  <.Q5). 
l»2Means  in  the  same  row  with  different  superscripts  are  significantly  different. 


Table  7.  Mean  panel  flavor  intensity  ratings  by  formulation,  formulation 
cooking  method,  and  formulation  location 


HI 

Flavor  intensity 

Cooking  method 

Location 

Formulation^ 

Formulation 

average 

Precook 

and 

roast  reheat 

Precook 

and 

microwave 

reheat 

Raw 

and 

roast 

1 

2 

1 

6.  71 c 

6.79 

6.82 

6.52 

6.56 

6.86 

2 

6. 12d 

6.14 

6.40 

5.82 

6.02 

' 6.22 

3 

6.23de 

6.20 

6.38 

6o  12 

6.27 

6.19 

4 

6. 41e 

6.34 

6.55 

6.34 

6.45 

' 6.37 

Average 

6.37 

6. 372 

6.541 

S.203 

6.32 

6.41  . 

8 s extremely  intense  and  1 = extremely  bland. 

Refer  to  table  1 for  composition  o|  each  formulation. 

demeans  in  the  same  column  with  different  superscripts  differ  significantly  (P  <. 05) . 
»2,3fteans  in  the  same  row  with  different  superscripts  differ  significantly  (P  <. 05) . 


Table  8.  Mean  panel  flavor  acceptability  ratings  by  formulation,  formulation  cooking 
method,  and  formulation  location 


Flavor  acceptability3 


Cooking  method Location 


Formulation^ 

Formulation 

average 

Precook 

and 

roast  reheat 

Precook 

and 

microwave 

reheat 

Raw 

and 

roast 

1 

2 

1 

3.26d 

3.23 

3.18 

3.38 

2.93 

3. 60 

2 

4. 2ic 

4.29 

4.04 

4.29 

4.25 

4.16 

3 

4. 08c 

4.23 

3.75 

4.27 

4.12 

4.05 

4 

3. 90c 

4.03 

3.61 

4.06 

3.98 

3.82 

Average 

3.86 

3.951 

3.65J 

^ 4 . 001 

3.82 

3.91 

a8  = extremely  acceptable  and  1 = extremely  unacceptable. 

',^Refer  to  table  1 for  composition  of  each**  formulation. 

dMeans  in  the  same  column  with  different  superscripts  differ  significantly  (P  <.05). 

^Means  among  cooking  method  not  significantly  different  (P  <.05). 


i 


i 
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Table  9.  Mean  degree  of  doneness  ratings  by  formulation*  formulation 
cooking  method,  and  formulation  location 


Degree  of  doneness® 

Cooking  method 

Location 

Formulation^ 

Precook 

Precook  and 

Formulation  and  microwave 

average  roast  heat  reheat 

Raw 

and 

roast 

1 

2 

1 . 

1.8 

1.6 

1.4 

2.8 

2.3 

1.3 

2 

1.9 

1.5 

1.4 

2.6 

1.9 

1.9 

3 

1.9 

1.7 

1.8 

2.3 

2.x ; 

1.8 

4 

1.8 

1.8 

1.6 

2.1 

1.8 

1.9 

5 

2.0 

2.0 

1.8 

2.3 

2.3 

1.8  • 

6 

2.1 

2.1 

1.9 

2.4 

2.3 

2.0 

7 

2,2 

1.9 

2.1 

2.5 

2.4 

2.0 

Average 

2.0 

1.8 

1.7 

2.4 

2.2 

1.8 

a8  * rare  and  1 = well  done  (color  photographs). 

^Refer  to  table  1 for  composition  for  each  formulation. 


Table  10.  Mean  TBA  values  by  cooking  method  and  storage  item 


TBA  values 

Precooked 

Raw 

Formulation3 

Initial 

Two  months 

Four  months 

Initial 

Two  months 

Four  months 

1 

3.26 

6.97 

4.48 

2.38 

5.32 

11.56 

2 

0.91 

1.83 

2.87 

1.05 

5.39 

5.54 

3 

0.72 

1.37 

2.01 

0.56 

1.04 

■ 1.64 

4 

0.69 

0.91 

0.88 

0.57 

1.16 

0.79 

5 

1.13 

2. 08 

4.05 

0.90 

1.72 

2.11 

6 

0.91 

1.68 

3.01 

0.82 

1.88 

2.38 

7 

1.11 

1.86 

2.84 

0,66 

1.48 

1.72 

Average 

1.25 

2.38 

- 2.88 

0.99 

2.57 

3.68 

aRefer  to  table  1 for  composition  for  each  formulation 


Table  11.  Cooking  losses  for  each  formulation  by  cooking  method 


Cooking  loss 

% 

Formulation3 

Raw  to 
precooked 
A 

Precook  to  Precook  to 

roast  reheat  microwave  reheat 

B C 

Raw  to 
roast 
D 

1 

21.74 

17.18 

18.78 

28.22 

2 

22.95 

14.99 

16.95 

26.96 

3 

14.80 

13.46 

13.96 

15.38 

4 

13.00 

11.10 

12.63 

13.11 

5 

18.19 

16.90 

16.69 

17.65 

6 

13.43 

13.62 

14.23 

16.07 

7 

13.45 

16.01 

14.98 

14.50 

Average 

16.79 

14.71 

15.46 

19.11 

aRefer  to  table  1 for  composition  for  each  formulation. 


H.  R CROSS.'  E.  CURTIS  GREEN.1  MARILYN  S.  STANFIELD'  and  W.  J.  FRANKS  JR  1 
U.S.  Dept,  of  Agriculture.  Beltsville.  Md.  and  Washington,  D C. 


Reprinted  from  Journal  of  Food  Science. 

© 1976  by  Institute  of  Food  Technologists. 
Purchased  by  U.S.  Dept,  of  Agriculture 
for  Official  Use. 


EFFECT  OF  QUALITY  GRADE  AND  CUT  FORMULATION  ON 
THE  PALATABILITY  OF  GROUND  BEEF  PATTIES 


ABSTRACT  

Chucks  and  short  plates  were  selected  from  25  carcasses  representing 
the  middle  third  of  each  of  five  U.S.  quality  grades.  Beef  patties  were 
prepared  from  chucks  and  short  plates  individually  and  in  combination. 
Taste  tests  were  conducted  on  the  samples  in  order  to  study  the  effect 
of  quality  grade  and  cut  formulation  on  palatability  of  the  cooked 
product.  Over  the  range  of  carcasses  graded  from  Prime  to  Cutter,  taste 
panel  subjective  evaluations  of  tenderness,  connective  tissue  amount 
and  overall  acceptability  decreased  significantly.  Patties  from  Prime, 
Choice  and  Good  carcasses  were  rated  as  acceptable  in  all  palatability 
traits  (5.0  or  above  on  a 9-point  scale)  whereas  patties  from  Utility  and 
Cutter  grades  were  rated  4.0  or  less  in  tenderness,  connective  tissue 
amount  and  overall  acceptability.  Differences  in  juiciness  and  flavor 
were  not  substantially  affected  by  quality  grade.  Patties  formulated 
from  chucks  were  rated  more  desirable  in  tenderness,  flavor,  connective 
tissue  amount  and  overall  acceptability  than  patties  from  short  plates  or 
short  plate-chuck  combinations.  Differences  in  palatability  due  to 
quality  grade  were  larger  than  those  due  to  cuts. 


INTRODUCTION 

SINCE  1970,  the  U.S.  Department  of  Agriculture  has  pur- 
chased over  415  million  pounds  of  ground  beef  for  distribu- 
tion to  schools.  This  product  was  purchased  under  the  Sched- 
ule AA— USDA  Specification  for  Frozen  Ground  Beef.  This 
specification  requires  that  beef  and  calf  be  the  only  ingredients 
and  these  shall  be  derived  from  fresh  chilled  beef  or  calf  car- 
casses, sides  and/or  cuts  of  the  U.S.  Utility  grade  or  higher  for 
beef  and  U.S.  Standard  or  higher  for  calf.  The  specification 
also  states  that  at  least  50%  of  the  total  weight  of  the  beef  (or 
calf)  shall  be  from  any  one  or  any  combination  of  primal  cuts 
(major)  and  the  remaining  50%  or  less  may  be  from  any  one  or 
any  combination  of  rough  (minor)  cuts.  Limited  research 
information  is  available  as  to  the  acceptability  of  ground  beef 
from  various  U.S.  quality  grades  and  to  the  effect  of  major 
versus  minor  cuts  on  palatability.  Fruin  and  Van  Duyne 
(1961)  reported  palatability  differences  in  ground  beef  pre- 
pared from  chucks  and  rounds  from  U.S.  Commercial  or 
Standard  carcasses.  Quality  grade  had  no  significant  effect  on 
palatability  whereas  panelists  preferred  ground  beef  from 
chucks  to  that  from  rounds.  Information  is  needed  as  to  the 
effect  of  wide  ranges  in  quality  grade  and  various  combina- 
tions of  major  and  minor  cuts  on  palatability  of  cooked 
ground  beef.  Perhaps  beef  of  a lower  U.S.  quality  grade  could 
be  utilized  to  produce  acceptable  ground  beef.  Likewise  it  may 
be  possible  to  use  a higher  proportion  of  rough  cuts  in  the 
formulation  thus  producing  a more  economical  product. 
Therefore,  the  study  objective  was  to  determine  how  ground 
beef  formulations  of  varying  quality  grades  and  cuts  would 
affect  cooked  ground  beef  palatability. 

EXPERIMENTAL 

FIVE  CARCASSES  were  selected  to  represent  the  middle  third  of  each 
of  five  USDA  quality  grades  (Prime,  Choice,  Good,  Utility  and  Cutter). 

1 Meat  Science  Research  Lab.,  ARS,  USDA,  Beltsville,  MD  20705 

J Livestock  Div.,  AMS,  USDA,  Washington,  DC  20250 

’Statistical  Services,  AMS,  USDA,  Washington,  DC  20250 


Each  carcass  was  selected  from  the  previous  day’s  slaughter.  From  each 
carcass  one  chuck  and  both  short  plates  were  removed,  boned  and 
shipped  about  10  miles  in  a refrigerated  truck  to  the  commercial  Re- 
search Laboratory.  To  meat  of  the  Utility  and  Cutter  grades  enough 
subcutaneous  and  kidney  fat  from  other  carcasses  of  those  grades  was 
added  to  approximate  24%  fat  content  in  the  ground  beef. 

Sixteen  combinations  of  ground  beef  were  prepared  as  outlined  in 
Table  1.,  The  lean  and  fat  were  ground  through  a 0.64  cm  plate,  me- 
chanically mixed  for  2 min  and  ground  through  a 0.32  cm  plate  for  the 
final  grind.  Prior  to  the  final  grind,  the  mixture  was  sampled  for  fat 
analysis  by  the  Modified-Babcock  procedure.  Fat  content  was  standard- 
ized at  24  ± 2%  by  the  addition  of  appropriate  amounts  of  fat  or  lean. 
Fat  content  was  controlled,  as  much  as  possible,  since  the  aim  of  the 
project  was  to  study  the  effect  of  differences  in  grade  and  cut  on 
palatability.  In  preparing  the  major  vs.  minor  cut  combinations  for 
treatments  11-16  (Table  1)  each  chuck  and  plate  was  ground  sepa- 
rately through  the  0.64  cm  plate,  combined  in  equal  amounts  of  fat  or 
lean  from  chucks  and  plates,  mixed  and  finally  ground  through  a 0.32 
cm  plate.  The  ground  meat  was  formed  into  75g  patties  10  cm  in 
diameter  using  a Hollymatic  Patty  Machine.  During  processing,  the 
product  internal  temperature  did  not  exceed  10°C.  All  patties  were 
placed  in  boxes  (4.5  kg  to  a box),  frozen  in  a blast  freezer  (~30°C),  and 
shipped  to  Beltsville,  Md.,  via  air  freight. 

Cooking 

Patties  were  roasted  from  the  frozen  state  in  a 200°C  oven  for  9 
min,  quartered,  and  served  as  hot  as  possible  to  the  panelists.  A sub- 
sample of  10  patties  per  treatment  was  cooked  to  obtain  weights  for 
drip,  evaporative  and  total  cooking  loss. 

Panel  selection  and  training 

Male  and  female  panelists  were  selected  from  the  scientific  and  an- 
cillary staff  of  the  Agricultural  Research  Center.  Selection  was  based  on 
assessments  of  repeatability  on  duplicate  samples  and  consistency  of 


Table  1—  Sample  designation 


Sample 

no. 

Grade/C  irt 

Name 

Symbol 

i 

Prime/chuck 

P/C 

2 

Choice/chuck 

C/C 

3 

Good/chuck 

G/C 

4 

Utility/chuck 

U/C 

5 

Cutter/chuck 

Cu/C 

6 

Prime/plate 

P/P 

7 

Choice/plate 

C/P 

8 

Good/plate 

G/P 

9 

Utility/plate 

U/P 

10 

Cutter/plate 

Cu/P 

11 

Prime/combination® 

P/CP 

12 

Choice/combination 

C/CP 

13 

Good/combination 

G/CP 

14 

Utility/combination 

U/CP 

15 

Cutter/combination 

Cu/C P 

16 

Choice  and  Cutter/ 

combination 

C/Cu/CP 

a Combination  consisted  of  chuck  and  plate  in  equal  proportions 
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ratings  in  relation  to  the  group.  Triangle  tests  were  conducted  over  a 
period  of  3 wk  (total  = 15)  and  16  panelists  were  selected  on  the  basis 
of  these  data.  After  each  training  session,  discussions  were  held  with  the 
panelists  in  order  to  achieve  unanimity  in  the  interpretation  of  the 
scoring  system.  Panelists  evaluated  the  samples  under  red  lights  in 
booths.  If  each  panelist  had  been  present  for  every  session,  there  would 
have  been  an  equal  number  (9)  of  evaluations  by  each  panelist  on  every 
ground  beef  sample  combination.  The  “ideal”  panel  situation  would 
have  resulted  in  each  sample  combination  receiving  144  evaluations.  In 
actuality,  panelist  attendance  was  not  perfect.  Three  panelists  had 
fewer  than  50  evaluations  while  the  remaining  13  averaged  120  evalu- 
ations out  of  a possible  144.  To  avoid  problems  in  statistical  analysis 
created  by  a wide  disparity  between  the  number  of  evaluations  made  by 
the  panelists,  the  data  from  those  three  members  were  eliminated. 

A trained  13-member  panel  rated  each  pattie  for  tenderness  and 
juiciness  by  using  a 9-point  scale  (9  = extremely  tender  or  juicy  and  1 = 
extremely  tough  or  dry).  Tenderness  and  juiciness  were  evaluated  dur- 
ing the  first  5-10  chews.  The  amount  of  connective  tissue  residue 
remaining  at  the  end  of  mastication  was  rated  by  using  a 9-point  scale 
(9  = none  and  1 = very  abundant  amount).  Due  to  the  study  design, 
flavor  was  rated  on  the  basis  of  “desirability”  rather  than  "intensity.” 
Since  off-flavors  might  be  rated  as  “intense”  an  “intensity”  scoring 
system  could  not  differentiate  between  “intense-desirable”  and  “in- 
tense-undesirable” flavors.  The  taste  panel  evaluations  were  conducted 
over  a time  span  of  eight  3-day  periods.  Panelists  evaluated  six  ground 
beef  samples  each  day  so  that  during  each  three-day  period  all  sixteen 
sample  combinations  were  tested.  In  addition,  two  sample  combina- 
tions were  repeated  during  each  session.  The  daily  assignment  of  sample 
combinations  was  presented  to  the  panel  nine  times  during  the  course 
of  the  study. 

Statistical  techniques 

Panel  palatability  evaluations  are  discrete  in  nature  (i.e.,  integer 
valued  from  1 to  9).  Nonparametric  statistical  methods  are  the  most 
appropriate  type  of  statistical  technique  to  use  on  taste  panel  data. 
These  methods  do  not  assume  that  the  data  have  any  specific  type  of 
distribution.  In  particular,  nonparametric  methods  do  not  require  that 
the  data  have  a normal  distribution.  On  the  other  hand,  it  is  reasonable 
to  assume  that  results  of  cooking  loss  analyses  are  normally  distributed. 
That  assumption,  if  not  entirely  true,  is  at  least  sufficiently  true  to  be 
satisfactory  for  most  practical  applications. 

Friedman’s  Test  (1937)  which  was  used  to  analyze  the  taste  panel 
data,  is  analogous  to  the  two-way  analysis  of  variance  procedure.  It  is 
used  to  test  the  null  hypothesis  that  all  combinations  have  the  same 
mean  effects  against  the  alternative  hypothesis,  that  the  combination 
mean  effects  are  not  all  equal.  The  method  of  McDonald  and  Thomp- 
son (1967)  uses  the  rank  sums  computed  from  Friedman's  Test  for  the 
nonparametric  multiple  comparison  of  the  combination  means.  “Exper- 
imentwise  error  rates”  are  used  rather  than  “significance  levels”  when 
discussing  this  multiple  comparison  procedure.  The  “experimentwise 
error  rate”  is  defined  as  “the  ratio  of  the  number  of  experiments  in 
which  at  least  one  difference  between  means  is  falsely  declared  signifi- 
cant to  the  total  number  of  experiments  conducted  over  a long  period 
time.” 

RESULTS  & DISCUSSION 

RESULTS  of  Friedman’s  Test  indicated  that  the  mean  effects 
of  the  16  sample  combinations  were  significantly  different  at 
the  5%  level  of  significance  for  each  of  the  five  palatability 
characteristics.  Table  2 shows  the  results  of  nonparametric 
multiple  comparisons  of  the  16  sample  combinations  for  all 
five  palatability  characteristics.  The  combinations  are  arranged 
in  order  of  decreasing  values  of  the  rank  sums,  and  their  means 
followed  approximately  the  same  order. 

The  nonparametric  multiple  comparisons  shown  in  Table  2 
enable  the  use  of  statistical  techniques  to  objectively  investi- 
gate the  “closeness”  of  the  mean  values  of  the  individual 
sample  combinations.  Ground  beef  formulated  from  Prime  or 
Chbice  carcasses  was  more  acceptable  in  all  palatability  traits 
(except  juiciness)  than  ground  beef  prepared  from  Utility  or 
Cutter  carcasses.  If  a taste  panel  rating  of  5.0  or  above  is 
arbitrarily  designated  as  acceptable  and  4.9  and  below  is  un- 
acceptable in  palatability,  then  ground  beef  prepared  from 
Prime,  Choice  and  Good  chucks  or  Prime  and  Choice  plates 
was  rated  as  “acceptable”  in  all  five  taste  panel  traits.  Ground 


beef  prepared  from  Good  plates  and  Utility  and  Cutter  chucks 
and  plates  was  usually  below  5.0  (unacceptable). 

Lean  and  fat  from  Choice  and  Cutter  chucks  and  plates 
were  combined  to  determine  whether  the  addition  of  Choice 
meat  would  offset  the  low  palatability  ratings  of  ground  beef 
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GROUND  BEEF  PALATABI LITY-U 


Table  3— Nonparametric  multiple  comparisons  for  palatability  traits  by  overall  quality  grade  and  cut 
Tenderness  Juiciness  Flavor  Connective  tissue  amount  Overall  acceptability 


Grade 

Mean 

Ranka»b 

sum 

Grade 

Mean 

Ranka>b 

sum 

Grad® 

Mean 

Ranka-b 

sum  Grade 

Mean 

Ranka-b 

sum  Grade 

Mean 

Rar*ka’b 

sum 

Prime 

5.9 

61 

Choice 

5.3 

53 

Prime 

5.7 

56  1 

Prime 

6.2 

62 

Prime 

5.7 

60 

Choice 

5.6 

54 

Good 

5.2 

47 

Choice 

5.8 

54  I 

Choice 

5.9 

53 

Choice 

5.8 

57  1 

Good 

5.1 

41 

1 

Prime 

5.1 

42 

Good 

5.1 

33 

Good 

5.5 

41 

Good 

5.0 

37 

Utility 

4.0 

21 

Cutter 

5.0 

37 

1 

Utility 

4.7 

31.5 

Utility 

3.8 

26 

Utility 

3.9 

26 

Cutter 

3.7 

18 

Utility 

4.7 

16 

Cutter 

4.3 

20.5 

Cutter 

2.8 

13 

Cutter 

3.2 

15 

a Vertical  lines  connect  all  sample  combinations  which  are  NOT  significantly  different  for  an  experimentwise  error  rate  of  5%. 
b A rank  sum  difference  of  at  least  23  is  required  for  significance  for  an  experimentwise  error  rate  of  5%. 


Table  4— Nonparametric  multiple  comparisons  for  palefability  traits  by  cut 


Tenderness 

Juiciness 

Flavor 

Connective  tissue  amount 

Overall  acceptability 

Cut 

Mean 

Ranka>b 

sum 

Cut 

Mean 

Rsrtka’b 

sum 

Cut 

Mean 

Ranka<b 

sum 

Cut 

Mean 

RankE’b 

sum 

Cut 

Mean 

Ranka'b 

sum 

Chuck 

5.4 

39 

Plate 

5.2 

30.5 

Chuck 

5.3 

35 

Chuck 

5.4 

38 

Chuck 

5.1 

37 

Plate 

4.7 

21  1 

Chuck 

5.1 

25.5 

Plate 

5.0 

22  1 

Plate 

4.8 

26 

Plate 

4.7 

23  1 

Combi 

4.5 

18  I 

Combi 

4.9 

22.0 

Combi- 

5.1 

21  I 

Combi- 

4.4 

14 

Combi- 

4.5 

18  1 

nation 

nation 

nation 

nation 

nation 

a Vertical  lines  connect  all  sample  combinations  which  are  NOT  significantly  different  for  an  experimentwise  error  rate  of  5%. 
b A rank  sum  difference  of  at  least  12  is  required  for  significance  for  an  experimentwise  error  rate  of  5%. 


from  Cutter  carcasses.  The  addition  of  Choice  grade  meat 
(C&Cu/CP)  increased  the  payability  ratings  in  all  five  traits; 
however,  all  mean  ratings  remained  below  5.0  except  those  for 
flavor  and  juiciness.  Panelists  rated  tenderness  and  connective 
tissue  amount  lowest  of  all  the  palatability  traits.  Probably  the 
amount  of  connective  tissue  from  lower  grade  carcasses  signifi- 
cantly influenced  the  rating  for  tenderness  and  overall  accepta- 
bility. This  hypothesis  is  supported  by  the  magnitude  of  the 
simple  correlation  coefficients  between  tenderness  and  connec- 
tive tissue  amount  (r  = 0.74)  and  overall  acceptability  and 
connective  tissue  amount  (r  = 0.71). 

For  chuck,  mean  scores  for  all  palatability  traits,  except 
juiciness,  were  similar  for  Prime,  Choice  and  Good  meat. 
Choice,  however,  consistently  scored  highest.  In  contrast,  the 
palatability  ratings  for  plates  or  any  combination  containing 
plates  tended  to  steadily  decrease  as  quality  grade  decreased. 

Nonparametric  multiple  comparisons  by  overall  grade  for 
all  five  palatability  characteristics  are  presented  in  Table  3. 
Except  for  juiciness,  the  panelists’  evaluations  coincide  with 
our  “a  priori”  knowledge  of  the  palatability  characteristics  of 
quality  grades;  that  is,  the  mean  values  for  Prime  and  Choice 
were  very  similar  and  consistently  higher  than  those  for  Utility 
and  Cutter.  The  mean  values  for  the  Good  grade  were  usually 
intermediate.  Differences  in  mean  values  between  grades  were 
not  as  pronounced  for  juiciness  as  for  other  palatability  traits. 
In  general,  however,  these  results  tend  to  confirm  that  USDA 
quality  grades  provide  meaningful  assessments  of  the  quality 
of  ground  beef  as  measured  by  the  other  four  palatability 
characteristics.  Palatability  ratings  for  the  amount  of  connec- 
tive tissue  were  less  than  4.0  for  Utility  and  Cutter  ground 
beef.  Possibly  that  trait  accounts  for  the  low  scores  in  overall 
acceptability. 

Nonparametric  multiple  comparisons  for  cuts  are  presented 
in  Table  4.  Except  for  juiciness,  the  mean  palatability  values 
were  consistently  and  significantly  higher  for  chuck  than  for 
plate.  The  mean  value  for  the  combination  was  consistently 
lower  than  the  mean  values  for  chuck  or  plate  (except  for 


flavor).  Apparently  the  addition  of  chuck  to  the  formulation 
did  not  offset  the  adverse  palatability  of  the  plate.  Juiciness 
did  not  differ  significantly  between  means  of  cuts.  Analysis  of 
variance  for  drip  loss,  evaporation  loss  and  total  loss  (not 
shown  in  table)  indicated  that  the  mean  values  of  the  sixteen 
combinations  were  not  significantly  different. 

CONCLUSIONS 

DIFFERENCES  in  palatability  of  ground  beef  patties  between 
grades  were  significant  and  large  enough  to  be  important. 
Ground  beef  from  Prime  and  Choice  carcasses  was  consistently 
rated  higher  than  that  from  Utility  and  Cutter;  Good  grade 
ground  beef  was  usually  intermediate.  Ground  beef  from 
chucks  was  rated  higher  in  palatability,  except  for  juiciness, 
than  that  from  plates  or  chuck-plate  combinations.  Apparently 
the  addition  of  chuck  in  equal  proportion  with  plate  was  not 
sufficient  to  bring  the  “combination”  palatability  up  to  an 
“acceptable”  level  in  the  lower  grades.  These  data  support  the 
USDA’s  regulations  requiring  minimum  quality  grades.  Further 
work  is  needed  to  evaluate  additional  quality  grade  and  cut 
combinations  to  determine  the  most  economical  formulation 
that  would  yield  an  acceptable  product. 
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SUMMARY 

The  destruction  of  bacteria  in  beef  patties 
during  cooking  was  evaluated  to  define  the' 
number  of  microbes  that  might  be  ingested 
when  patties  were  cooked  to  different  degrees 
of  doneness.  Commercially  fabricated,  85-g 
beef  patties  from  three  wholesale  distributors 
were  stored  frozen  at  —45  C or  refrigerated  for 
1,  5 and  1 2 days  at  4 C to  simulate  normal  and 
abused  products.  Patties  were  cooked  at  either 
149,  177,  204  or  232  C for  a total  of  2 to  8 
minutes.  Viable  coliform  bacteria  were  reduced 
to  minimum  countable  levels  (less  than  14/g) 
by  cooking  at  177  C for  1.5  min  on  each  side. 
Psychrotrophic  bacteria  were  no  longer  count- 
able after  the  patties  had  been  cooked  for  4 
min  per  side  at  any  of  the  temperatures, 
whereas  destruction  of  aerobic  bacteria  re- 
quired heat  treatment  beyond  4 minutes.  The 
incidence  of  Escherichia  coli  and  Staphylococ- 
cus aureus  was  reduced  by  more  than  50%  by 
cooking  the  beef  patties.  Reduction  of  bacterial 
viability  by  heating  was  more  readily  accom- 
plished in  the  12-day  patties  than  in  the  frozen 
or  1-day  patties. 

(Key  Words;  Bacteria,  Beef  Patties,  Cooking, 
Destruction  of  Bacteria.) 

INTRODUCTION 

Bacterial  contamination  of  steaks  and  roasts 
has  usually  been  considered  to  be  a surface 
phenomenon.  During  broiling,  roasting  or  fry- 
ing the  heat  of  cooking  destroys  most  or  all 
viable  surface  bacteria.  For  ground  beef  patties 
and  restructured  steaks,  however,  the  possible 


1 Mention  of  product  names  does  not  imply  en- 
dorsement by  the  United  States  Government. 

2 Mr.  E.  James  Koch,  Agricultural  Research  Service, 
United  States  Department  of  Agriculture  provided 
advice  and  assistance  in  analyzing  the  data. 

3 Department  of  Animal  Science,  University  of 
Maryland,  College  Hark,  20742. 

4 Meat  Science  Research  Laboratory. 


survival  of  bacteria  in  the  center  of  the  patty 
must  be  considered. 

F.mswder  el  al.  (1976)  cited  literature  which 
reported  that  ground  beef  may  cpntain  exten- 
sive bacterial  populations.  Mueller  (1975)  indi- 
cated that  burgers  From  a vending  machine  had 
a mean  total  aerobic  count  of.  3.1  X 10s  /g,  but 
the  count  was  reduced  to  4.0  X 104/g  by 
heating  the  burgers  in  a microwave  oven. 
During  subsequent  testing  she  found  that  re- 
heating the  hamburgers  by  microwave  did  not 
reduce  bacterial  numbers  markedly.  Mueller,  in 
further  tests,  indicated  that  the  total  aerobic 
count  was  5.2  X 106/g  in  raw  market  hamburg- 
ers and  5.6  X 104/g  in  fried  patties.  Cooking 
conditions  were  not  specified,  but  the  two  log 
reduction  from  6 to  4 appeared  to  be  of  some 
importance.  Buck  et  al.  (1975)  reported  that 
raw  patties  should  be  cooked  for  6 min  on  each 
side  on  a grill  at  137  C to  reduce  total  aerobic 
bacteria  from  10s  — 108/g  to  about  102/g; 
reductions  were  similar  in  lactose  fermenters 
anti  Escherichia  coli. 

Our  objective  was  to  determine  the  influence 
of  time  and  temperature  of  grilling  on  the 
destruction  of  bacteria  in  commercially  fabri- 
cated beef  patties.  With  the  continued  interest 
in  the  wholesomeness  of  meat,  importance  is 
placed  on  defining  the  number  of  microbes  that 
might  be  ingested  when  patties  are  cooked  to 
varying  degrees  of  doneness.  This  information 
may  be  of  particular  use  to  processors  who 
make  precooked  patties,  which  may  be  subse- 
quently abused  and  permit  the  growth  of 
Staphylococcus  aureus. 

EXPERIMENTAL  PROCEDURE 

Fresh,  85-g  beef  patties  were  purchased  from 
three  wholesale  distributors.  The  patties  typi- 
cally were  fabricated  of  triangle  beef  (chuck, 
brisket,  plate)  from  U.S.  Good  carcasses.  The 
meat  was  boned  and  stored  at  ambient  tempera- 
ture (about  11  C)  for  1.5  hr,  then  ground 
through  a 2.54  cm  breaker  plate  and  a .32  cm 
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DESTRUCTION  OF  BACTERIA 

TABLE  1.  INTERNAL  TEMPERATURE  (°C)  OF  COOKED  BEEF  PATTIES3 


Griddle 
lem  pcraiurc 

C'G) 

< 

looking  time*’  (rriin/side) 

I .0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

149 

5.0 

10.0 

53.5 

59.0 

63.0 

65.0 

66.5 

69.0 

177 

29.5 

41.0 

45.0 

58.5 

63.0 

64.5 

67.0 

69.0 

204 

39.5 

51.0 

61.5 

64.5 

66.5 

70.5 

72.0 

76.0 

232 

41.0 

59.0 

65.0 

70.0 

72.5 

75.0 

74.5 

78.0 

aF.ach  value  is  the  mean  of  two  observations. 
^Cooked  from  frozen  state. 


fine  plate.  One  fourth  of  the  patties  were 
frozen  and  stored  at  —45  C until  cooked.  The 
remainder  were  stored  at  4 C for  1 , 5 or  1 2 
days  prior  to  cooking  to  increase  microbial 
numbers  and  provide  products  with  different 
microbial  counts 

Beef  patties  were  cooked  in  duplicate  on  a 
Hotpoint  (2  50  watt)  griddle  at  either  149,  177, 
204  or  232  C as  determined  by  a surface 
thermometer.  Cooking  times  were  1.0,  1.5,  2.0, 
2.5,  3.0,  3.5  or  4.0  min  per  side.  Frozen  patties 
were  cooked  unthawed  and  patties  stored  at  4 
C were  removed  from  refrigeration  immediately 
before  cooking  Internal  temperatures  of 
cooked  . patties  a 'e  shown  in  table  1.  A sterile 
Ridak  Sanitary  Taper  Gasket  ( Boors ville  Manu- 
facturing Corporation,  Boonville,  NY)  was  used 
to  circumscribe  a cross  section  of  the  center  of 
each  patty  to  aid  in  the  removal  of  an  11-g 


sample,  which  was  excised  with  a sterile  scalpel 
and  forceps.  Each  sample  from  the  cooked  and? 
raw  control  patties  was  blended  with  99  ml 
sterile  phosphate  buffer  in  a sterile  Mason  jar 
for  2 minutes.  Serial  dilutions  were  treated  by 
the  procedures  described  in  table  2 for  enumer- 
ating coliform,  total  aerobic  and  psychro- 
trophic  bacteria.  We  tested  for  E.  c.oli  and 
coagulase  positive  Staphylococcus  aureus , but 
did  not  count  them. 

The  data,  as  the  logarithms  of  the  mean 
bacterial  counts,  were  treated  by  analysis  of 
variance  (Snedecor  and  Cochran,  1972)  and  the 
Duncan’s  Multiple  Range  Test  (Duncan,  195  5). 
To  preclude  analysis  of  data  with  zero  values,  .1 
was  added  to  bacterial  counts/gram,  before 
their  conversion  to  logarithms.  In  tables,  where 
actual  bacterial  numbers  were  presented,  the  .1 
was  removed  from  each  value. 


TABLE  2.  MEDIA  AND  INCUBATION  CONDITIONS  FOR 
MICROBIAL  DETERMINATIONS 


Incubation 

Organism 

Media 

Time 

Temp. 

Coliforms 

Violet  Red  Bile  Agar  (BBL) 

48  hr 

35  C 

Coliforms3 

Lauryl  Sulfate  Broth  (BBL) 

24  hr 

,,  35  C 

Escherichia  coli& 

EC  Broth  (BBL) 

24  hr 

45.5  C 

Levine  EMB  Agar  (BBL) 

24  hr 

35  C 

Coagulase  positive 

Trypticase  Soy  Broth  (BBL)  + 9.5%  NaCl 

48  hr 

35  C 

Staphylococcus  aureus 3 

Baird-Parker  Agar  (Difco) 

48  hr 

35  C 

Brain  Heart  Infusion  Broth  (BBL) 

24  hr 

35  C 

Coagulase  test  using  Coagulase  Plasma  EDTA  (Difco) 

6 hr 

37  C 

Aerobes*3 

Standard  Methods  Agar  (Difco) 

48  hr 

35  C 

Psychrotrophs 

Standard  Methods  Agar 

10  days 

5 C 

aModified  U.S.  Department  of  Agriculture  (1974)  procedure  — only  the  10-'  dilution  was  completed. 
^’u.S.  Department  of  Agriculture  (1974). 
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TABLE  3.  MEAN  BACTERIAL  COUNTS  PER  GRAM  OF  UNCOOKED  BEEF  PATTIES 
FROM  THREE  MEAT  WHOLESALE  DISTRIBUTORS3 


Bacteria 


Days 

stored 


Distributor 

1 2 3 


Coliforms 

Frozen 

1 

3.8  X 
2.4  X 

5 

9.2  X 

12 

1.8  X 

Aerobes 

Frozen 

2.1  X 

1 

6.2  X 

5 

9.6  X 

12 

3.2  X 

Psychrotrophs 

Frozen 

1 

8,2  X 
5.0  X 

5 

3.9  X 

12 

3.9  X 

10fg 

9.4  X 10f 

1.5  X 10B 

103cd 

5.0  X 102e 

1.7  X 103de 

103  c 

1.4  X 103de 

1.8  X 10sb 

106a 

1.4  X 106  a 

3.2  X 105b 

10s  ef 

3.0  X 10s  Jef 

1.0  X 10sf 

10s  de 

5.7  X 105  de 

9.6  X 10s  d 

1 06  be 

9.6  X 106bc 

2.7  X I01abc 

101 abc 

4.2  X 107  ab 

5.8  X 107  a 

1 0s  de 

5.4  X 10Se 

3.2  X 104f 

106cd 

9.8  X 10s  de 

8.3  X 106  c 

10s  ab 

6.8  X 10’b 

2.0  X 10B  ab 

10s  ab 

4.4  X 10“  a 

4.1  X 10s  ab 

aFor  a given  bacterial  group,  means  within  a block  followed  by  the  same  letter  are  not  significantly  different 
(P<.05).  Each  mean  is  based  on  four  values. 


RESULTS  AND  DISCUSSION 

Evaluation  of  the  uncooked  beef  patties 
from  the  three  distributors  (table  3)  showed 
some  significant  differences  in  coliform,  aerobic 
and  psychrotrophic  bacteria  among  samples 
stored  for  the  same  time.  In  the  few  instances 
of  significance  (P<.05),  the  magnitude  of  the 
difference  was  usually  less  than  one  log  and 
therefore  was  of  questionable  importance.  Stor- 


age of  the  patties  at  4 C increased  bacterial 
numbers  with  time,  and  coliform  counts  ranged 
from  10  to  106;  aerobic  counts  from  10s  to 
107;  and  psychrotrophic  bacterial  counts  from 
104  to  108.  Patties  were  not  stored  longer  than 
12  days  because  such  patties  would  not  nor- 
mally be  presented  to  consumers. 

Time  and  temperature  of  cooking  consistent- 
ly had  the  greatest  influence  on  survival  of  all 
bacteria  counted  (table  4).  Temperature  X time 


TABLE  4.  MEAN  SQUARES  AND  THEIR  STATISTICAL  SIGNIFICANCE 
OBTAINED  FROM  ANALYSIS  OF  VARIANCE  OF  BACTERIAL 
NUMBERS  OF  BEEF  PATTIES  AFTER  COOKING 


Bacteria 


Source 

df 

Coliforms 

Aerobes 

Psychrotrophs 

Distributor 

2 

1.19 

34.04 

34.53 

Batch 

3 

1.94 

1.18 

26.12 

Day  at  4 C 

3 

1.08 

105.57** 

34.17 

Dist  X day 

6 

4.60 

37.93 

55.50 

Batch  X day 

9 

.95 

1.33 

11.44 

Error  B 

15 

2.41 

15.97 

29.07 

Temperature 

3 

1 5.81**  * 

65.64*** 

69.65*** 

Time 

6 

108.50*®* 

266.30*** 

423.85*** 

Temp  X time 

18 

1.80®** 

1.94*** 

2.26** 

Day  X temp 

9 

1.55** 

4.86*** 

4.24*** 

Day  X time 

18 

3.87**“ 

16.49®** 

7.91*®* 

Day  X temp  X time 

54 

.84** 

1.09** 

.97 

Error 

540 

.52 

.70 

1.10 

**(P<.01). 

***(P<.001). 
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Figure  1.  Mean  coliform  bacteria  per  gram  of  beef 
patty  after  cooking. 


Figure  3,  Mean  psychrotrophic  bacteria  per  gram 
of  beef  patty  after  cooking. 


and  the  interactions  with  days  affected  bacte- 
rial counts  significantly  (P<.01).  Distributor, 
batch  and  interactions  with  these  variables  were 
not  significant. 

Viable  cc  liforms  were  reduced  to  minimum 
detectable  limits  by  increases  in  either  tempera- 
ture or  time  of  cooking  (figure  1).  Heating 
patties  by  cooking  at  149  C for  2.5  min  per  side 
or  177  C for  2 min  or  204  C for  1.5  min  was 
adequate  for  significant  (P<05)  and  relevant 
decreases  in  viable  coliform  bacteria.  These  data 
confirm  the  fact  that  coliforms  are  sensitive  to 
heat  and  suggest  that  enteric  pathogens  (i.e., 
Salmonella)  also  might  be  destroyed. 

The  shortest  cooking  procedure,  1 min  per 
side  at  149  C,  reduced  aerobic  bacteria  by 
about  1 log.  As  temperature  and  time  of 
cooking  were  increased,  bacterial  numbers  de- 
creased so  that  patties  cooked  at  149  C for  4 
min,  177  C for  3-5  min,  204  C for  3 min  or 
more,  or  at  232  € for  2.5  min  or  more, 
contained  fewer  than  100  bacteria/g  (figure  2). 


Figure  2.  Mean  aerobic  bacteria  per  gram  of  beef 
patty  after  cooking. 


Buck  et  al.  (1975)  suggested  that  patties  should 
be  cooked  6 min  at  163  C.  Those  researchers 
evaluated  100-g  patties  that  measured  87  X 18 
mm,  whereas  we  evaluated  commercial  85-g 
patties  that  measured  108  X 10  mm.  Kotula 
and  Rough  (1975)  reported  that  commercial 
85-g  beef  patties  cooked  4 min  per  side  at  149 
C were  rated  as  ‘‘well  done.” 

Psychrotrophic  bacteria  are  almost  as  sensi- 
tive to  heat  as  the  coliform  bacteria  (figure  3). 
Patties  cooked  by  heating  at  149  C or  1 77  C for 
4 min  per  side,  or  204  C for  3.5  min,  or  232  C 
for  3 min  reduced  the  bacterial  count  to  about 
the  minimum  countable  limits.  Even  cooking 
patties  2.5  min  per  side  at  177  C or  higher 
effectively  reduced  counts  by  about  five  logs 
from  the  initial  number  in  raw  patties. 


TABLE  5.  PERCENTAGE  OF  RAW  AND  COOKED 
BEEF  PATTIES  CONTAINING  ESCHERICHIA 
COU  AND  STAPHYLOCOCCUS  A UREUS 


Bacteria 

Uncooked 

(%) 

Cooked 

(%) 

E.  coli 

Frozen 

100a 

53C 

1 ' 

ioob 

58d 

5 

100b 

36d 

12 

88. lb 

20d 

S,  nureus 

Frozen 

100a 

49c 

1 

100b 

34d 

5 

50b 

1 ?d 

12 

25b 

3d 

aEach  mean  based  on  12  values. 
^Each  mean  based  on  8 values. 
cEach  mean  based  on  180  values. 
^Each  mean  based  on  120  values. 
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TABLE  6.  MEAN  BACTERIAL  COUNTS  OF  BEEF  PATTIES 
BEFORE  AND  AFTER  COOKING 


Bacteria 

Days 

storage 

Treatment3 

Uncookedb/g 

Cookedc/g 

Coliforms 

Frozen 

3.8  X 10d 

.8a 

1 

1.0  X 103c 

.73 

5 

1.4  X 104b 

,5a 

12 

8.1  X 1053 

.6  3 

Aerobes 

Frozen 

1.9  X 105d 

7.7  X 103a 

1 

7.1  X 10s  c 

1.2  X 103»b 

5 

1.4  X 101  b 

3.9  X 102  be 

12 

4.5  X 10?a 

1.0  X 10lc 

Psychrotrophs 

Frozen 

2.2  X 105d 

1.2  X 103a 

1 

3.2  X 106c 

2.3  X 102a 

5 

1.2  X 108  b 

1.1  X 102a 

12 

4.1  X 10®3 

2.1  X 102a 

aFor  a given  bacterial  group,  means  within  a column  having  the  same  letters  are  not  significantly  different 
(P<.05)  according  to  Duncan’s  Multiple  Range  Test  (1955). 

^Each  mean  is  based  on  168  values. 

cEach  mean  is  based  on  eight  values  for  well-done  patties. 


Additional  research  is  needed  to  determine 
whether  partially  cooked  meat  products,  such 
as  the  burgers  evaluated  by  Mueller  (1975), 
contain  inordinately  high  numbers  of  enteric  or 
spoilage  bacteria  prior  to  the  partial  cooking 
procedure.  The  influence  of  composition  (fat, 
water  or  extenders)  on  survival  of  bacteria 
during  cooking  should  also  be  evaluated. 

The  incidence  of  E.  coli  and  S.  aureus  was 
reduced  by  more  than  50%  by  cooking  the  beef 
patties  (table  5).  Contrary  to  expectations, 
cooking  apparently  destroyed  E.  coli  and  S. 
aureus  more  readily  in  the  12-day  patties  than 
in  the  frozen  and  1-day  patties.  The  response 
was  similar  for  coliforms,  total  aerobes,  and 
psychrotrophs  (table  6).  In  each  instance,  bac- 
terial counts  were  greatest  in  the  12-day  patties, 
but  the  log  reduction  by  cooking  was  so  large, 
counts  were  lower  for  1 2-day  than  for  frozen  or 
1-day  cooked  patties. 

Increasing  the  temperature  or  time  of  cook- 
ing effectively  reduced  counts  of  all  bacterial 
species  evaluated.  Increase  of  temperature, 
however,  may  be  the  procedure  of  choice 
because  it  shortened  cooking  time.  Minimum 
effective  cooking  time  would  be  important  to 


fast  food  outlets,  schools,  armed  forces  and  to 

any  purveyor  responsible  for  mass  feeding. 
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SUMMARY 

Beef  patties  containing  hydrated  textured 
soy  protein  (TSP)  or  soy  concentrate  (SC)  at  20 
or  30%  levels  were  evaluated  by  a standard 
consumer  panel  and  by  family  consumer  panels. 
The  standard  52-member  panel  which  evaluated 
four  patties  without  condiments  at  each  session 
were  able  to  discern  some  difference  (P<.05)  in 
tenderness,  flavor,  appearance,  aroma,  juiciness 
and  overall  acceptability.  All-beef  patties  and 
patties  containing  20%  TSP  were  rated  higher  in 
flavor  and  overall  acceptability  than  the  other 
patties.  One  panel  of  52  families  earning  over 
$10,000  a year  could  not  discern  any  differ- 
ences among  patties,  prepared  at  home  with 
condiments,  in  flavor,  appearance,  aroma  and 
overall  acceptability.  They  aiso  rated  all-beef 
patties  less  tender  than  most  patties  containing 
soy.  Another  panel  of  52  families  earning  less 
than  $10,000  per  year  did  not  discern  any 
differences  among  patties.  Age  of  the  consumer 
affected  tenderness,  juiciness  and  aroma  scores, 
but  sex  apparently  did  not  affect  any  scores. 
On  the  basis  of  acceptability,  families  earning 
less  than  $10,000  per  year  should  provide  a 
good  potential  market  for  beef  patties  contain- 
ing soy  protein. 

(Key  Words:  Beef  Patties,  Beef-Soy  Patties, 
Consumer  Acceptance,  Beef  Palatability.) 


ability  and  acceptability  of  samples,  which  were 
cooked  uniformly  and  presented  to  consumer 
panelists  for  evaluation  under  standard  taste 
panel  procedures.  Glover  (1968),  Huffman  and 
Powell  (1970),  Cross  et  al.  (1975)  and  Kotula 
et  al.  (1976)  presented  data  from  such  studies, 
indicating  that  beef  patties  containing  up  to 
20%  hydrated  textured  soy  protein  would  be 
acceptable  to  the  consumer. 

Cross  et  al.  (1975)  indicated  that  palatability 
rating  of  soy-beef  patties  for  flavor,  appearance 
and  overall  acceptance  were  significantly  higher 
by  male  than  by  female  panelists.  They  indi- 
cated that  further  research  should  be  carried 
out  to  study  possible  differences  in  palatability 
scores  due  to  panelists’  age,  social,  ethnic  and 
economic  status.  Such  information  would  be 
important  in  selection  of  evaluation  panels. 
Panelists  chosen  to  represent  a large  segment  of 
potential  customers  might  aid  in  selecting  mar- 
ket areas  for  the  sale  of  beef  patties  containing 
soy  protein. 

The  present  study  was  carried  out  to  deter- 
mine the  reactions  of  panelists  to  meat  patties 
that  they  were  allowed  to  prepare  at  home  by 
their  preferred  methods.  We  also  studied  the 
effects  of  sex,  age  and  economic  status  on  the 
attitudes  of  panelists  toward  all-beef  patties 
that  had  been  extended  with  soy  protein. 


INTRODUCTION 

< Previous  studies  on  acceptance  of  beef  pat- 
ties containing  soy  protein  reported  the  palat- 


1 Mr.  E.  James  Koch  provided  guidance  and  assist- 
ance with  the  statistical  analysis  of  the  data.  The 
Esskay  Meat  Packing  Company  provided  facilities; 
Archer  Daniels  Midland  Company,  Cargill  Inc.,  Pfizer 
Inc.,  Swift  and  Company  and  Central  Soya,  Inc. 
provided  soy  protein  samples  and  technical  assistance 
in  patty  fabrication.  This  study  was  funded  in  part  by 
the  U.S.  Army  Natick  Research  and  Development 
Command. 

2 Animal  Science  Department,  University  of  Mary- 
land, College  Park  20742. 


EXPERIMENTAL  PROCEDURE 

Four  brands  of  textured  soy  protein  (TSP) 
designated  A,  B,  C,  D and  two  brands  of  soy 
concentrate  (SC)  designated  E,  F were  hy- 
drated, 1 to  1.5  and  1 to  2.5  parts  with  water. 
The  hydrated  products  were  added  to  triangle 
beef_jchuck,  brisket,  plate)  at  levels  of  20  and 
30%  by  weight.  All  patties  were  produced 
commercially  and  fat  content  was  20%.  The 
beef  was  ground  through  a 2.54  cm  breaker 
plate,  mixed  with  the  hydrated  soy  product, 
ground  through  a 3.2  mm  plate,  formed  into 
85-g  patties,  which  were  boxed,  frozen  at  —23 
C and  stored  6 months  at  -18  C prior  to 
218 
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TABLE  1.  PALATABILITY  OF  BEEF-SOY  PATTIES  EVALUATED  BY  A STANDARD  PANEL1 
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. ;:hin  a column  followed  by  the  same  letter  were  not  different  ( P< .0 5 ) according  to  analysis  of  variance  and  Duncan's  Multiple  Range  Test  (1955).  Each  value 
:e  evaluation  of  16  families.  Spores  were  based  on  a 9-point  scale,  1 = poorest,  9 = best. 

extured  soy  protein;  SC  — Soy  concentrate. 
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evaluation. 

Three  comume:  panels  evaluated  the  patties. 
The  experim  mtal  design  was  basically  a bal- 
anced, incomplete  block  design  for  13  treat- 
ments with  four  treatments  in  an  incomplete 
block  and  foi  r rej  lications  of  the  treatments  in 
the  design.  The  jasic  design  was  used  eight 
times  in  the  ;tan<  ard  panel  and  four  times  in 
the  family  panel.  The  standard  panel  consisted 
of  52  members  of  ages  18  to  60  years;  13 
females  and  3?  males.  They  each  evaluated  four 
quartered  pat  ies  vithout  condiments  on  each 
of  two  occasions.  Patties  provided  were  cooked 
on  a grill  at  177  ( for  3 min  on  each  side.  The 
second  and  third  p inels  consisted  of  52  families 
each  with  ii/ei  age  i nnual  incomes  greater  or  less 
than  $10,000,  respectively.  The  first  52  families 
in  each  inco  ne  evel  to  volunteer  were  ac- 
cepted. Famil  es  v ere  asked  to  rate  a different 
patty  type  eaeh  veek  for  4 weeks.  Thus  each 
type  of  the  13  potties  was  evaluated  by  four 
families  each  weel  ; by  16  families  in  4 weeks. 
Families  were  inst  ucted  to  prepare  the  patties 
in  any  manrer  ( esired.  Patties  and  scoring 
sheets  were  p oviced  for  every  member  of  the 
family,  but  orly  d ita  from  members  older  than 
9 were  used.  Age  md  sex  of  all  panelists  were 
recorded.  Par  elist scores  were  based  on  a 
9-point  scale,  1 fcr  the  poorest  and  9 for  the 
best.  Descriptive  lerms  for  scoring  codes  for 
tenderness  were:  l — extremely  tough;  2 — 
Very  tough;  3 — M )derately  tough;  4 — Slightly 
tough;  5 — Slightly  tender;  6 — Moderately 
tender,  7 — Tern  er;  8 — Very  tender;  9 — 
Extremely  tender.  Overall  acceptability  was 
rated  on  a 9-f  oint  score  wherein  a rating  of  1 
/as  described  by  “1  would  eat  this  if  forced 
to”;  3 by  “I  would  hardly  ever  eat  this”;  6 by 
“I  like  this  ar  d would  eat  it  now  and  then”; 
and  9 by  “1  would  eat  this  every  opportunity  I 
had.” 


RESJLT6  AND  DISCUSSION 

The  standa'd  panel  discerned  some  signifi- 
cant differen  :es  among  patties  for  each  palat- 
ability  trait  evaluated  (table  1).  The  all-beef 
patties  were  usuall/  rates  “slightly  tough”  and 
were  less  tender  (P<.05)  than  patties  containing 
TSP.  Tendern  ss  was  about  equal  for  patties 
containing  SC  and  for  all-beef  patties.  Flavor 
was  rated  as  slightly  desirable  for  all-beef 
patties  and  equal  tc  patties  containing  20%  TSP 
and  higher  thun  ary  other  patties  (P<.05).  In 
flavor,  patties  cont  lining  30%  SC  were  rated  in 
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SE  = Standard  error  of  the  mean. 
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the  slightly  to  moderately  undesirable  range.  In 
appearance,  the  30%  SC  patties  were  rated 
slightly  undesirable  and  lower  (P<.05)  than  any 
others  except  product  D of  30%  TSP.  The 
aroma  of  patties  with  30%  SC  was  rated  slightly 
undesirable  and  lower  (P<.05)  than  either  the 
all-beef  or  patties  containing  TSP.  All-beef 
patties  were  rated  slightly  juicy  and  lower  than 
some  of  the  patties  with  TSP,  but  higher 
(P<.05)  than  the  SC  product  F,  which  rated 
slightly  dry.  In  overall  acceptability,  all-beef 
patties  and  some  of  the  patties  containing  TSP, 
which  scored  about  5.5,  were  described  by  the 
phrase  “I  would  eat  this  now  and  then.”  The 
use  of  SC  at  either  level  reduced  the  overall 
acceptability  (P<.05)  to  a score  a little  lower 
than  that  described  by  “I  don’t  like  this  but 
would  eat  it  on  occasion.” 

Contrary  to  the  ratings  of  the  standard 
panel,  the  panel  of  families  earning  over 
$10,000  a year  could  not  discern  any  differ- 
ences among  the  patties  in  flavor,  appearance, 
aroma  and  overall  acceptability  (table  2).  They 
agreed  with  the  standard  panel  in  rating  the 
all-beef  patties  less  tender  than  most  of  the 
patties  containing  TSP  at  either  concentration. 
The  family  panel  did  not  detect  a significant 
difference  in  juiciness  between  all-beef  patties 
and  the  others,  but  classified  patties  with  SC 
product  F as  less  juicy  (P<.05)  than  some  of 
the  patties  containing  TSP. 

The  third  panel  (families  earning  less  than 
$10,000)  did  not  detect  any  significant  differ- 
ences among  the  products  and  scores  most 
palatability  traits  with  a mean  about  6.  Juici- 
ness which  was  scored  the  lowest  had  a mean 
score  of  5.9.  Responses  to  questions  indicated 
that  families  in  both  panels  prepared  patties  by 
similar  methods;  possibly  families  in  the  third 
panel  had  been  conditioned  to  accept  extended 
ground  beef. 

Mean  scores  for  the  three  panels  are  com- 
pared in  table  3.  Except  for  three  instances,  the 
standard  panel  rated  palatability  traits  lower 
than  either  of  the  other  two  panels.  In  every 
instance,  the  family  panel  earning  less  than 
$10,000  rated  the  palatability  traits  higher 
(P<.05)  than  the  other  two  panels.  These  data 
indicate  that  the  standard  panel  effectively 
discerned  differences  in  the  palatability  of  the 
beef  patties  and  the  family  consumer  panels 
effectively  determined  the  importance  of  those 


differences  to  the  public. 

Age  of  the  panelists  apparently  affected 
tenderness,  juiciness,  and  aroma  scores  (table 
4).  Panelists  over  50  scored  tenderness  more 
leniently  than  children  of  9 to  19  years. 
Conversely,  children  were  concerned  less  with 
juiciness  than  were  people  over  30.  People  over 
30  tended  to  be  less  critical  of  aroma  than  the 
younger  groups;  flavor,  appearance  and  overall 
acceptability  were  rated  about  the  same  by 
panelists  regardless  of  age.  We  thought  that 
panelists  over  40  might  have  found  difficulty  in 
discerning  flavor,  due  to  loss  of  taste  acuity, 
but  age  was  not  a factor  in  flavor  discrimina- 
tion. 

Contrary  to  the  report  by  Cross  et  al. 
(1975),  sex  did  not  influence  palatability  scores 
of  the  families  earning  more  than  $10,000.  The 
difference  was  attributed  to  the  types  of  panels 
involved.  Possibly  when  patties  were  cooked  by 
the  families’  preferred  methods,  some  of  the 
discrete  differences  among  samples  and  panel- 
ists disappeared.  Furthermore,  types  of  samples 
were  not  compared  simultaneously  in  the  home 
panels  because  each  member  of  the  family 
panels  gave  a general  opinion  about  one  prod- 
uct each  week. 

Although  type,  brand  and  concentration 
affected  acceptability  of  soy  protein  in  beef 
patties,  age  and  sex  of  the  consumer  were  not 
major  factors  in  overall  acceptability;  and  prob- 
ably would  not  influence  the  sale  of  beef 
patties  containing  soy  protein.  The  product  was 
most  readily  accepted  by  the  panel  of  families 
who  earned  less  than  $10,000  per  year,  and 
these  are  the  people  who  might  best  benefit 
from  protein  extenders. 
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STABILITY  OF  FROZEN  GROUND  BEEF  CONTAINING 
MECHANICALLY  DEBONED  BEEF 


ABSTR  \CT 

round  beef  formulations  cont  rinin.  three  levels  of  mechanically  de- 
nned beef  (MDB,  0,  10,  and  20%)  we  e stored  at —12,  18  and  -23°C. 

titially  and  at  2-wk  intervals  or  24  wk,  one  chub  pack  from  each 
emulation  and  each  storage  t-  mpe  ature  was  removed  for  chemical 
id  sensory  analysis.  Formulation  (level  of  MDB)  and  storage  time  had 
gnificant  effects  on  all  palatab  lity  iraits.  Frozen  storage  temperature 
id  no  significant  effect  on  an>  of  t re  palatability  traits.  Interactions 
;tween  temperature  and  time;  orrm  lation  and  time;  and  formulation 
id  temperature  were  nonsignif  cant  There  was  no  evidence  that  the 
emulations  containing  MDB  af  ecte!  the  storage  properties  of  ground 
3ef  any  more  so  than  ground  be  :f  co  taining  0%  MDB. 


INTRC  DU<  TION 

EARLY  ONE  BILLION  adiitional  pounds  of  meat  per  year 
3llld  be  added  to  the  natioi  ’s  ft  od  supply  through  a process 
ftlbd  “mechanically  debonii  g”  (Fried,  1976).  This  protein  is 
dsfed  as  a human  food  source.  On  September  10,  1976,  a 
,3.  District  court  judge  hal  ted  he  use  of  mechanically  de- 
oned  meat  for  human  const  mption.  This  injunction  stopped 
SDA  from  enforcing  interin  regulations  permitting  the  use 
f mechanically  deboned  me  it.  T he  injunction  did  not  affect 
te  USD  A proposal  for  the  use  ol  mechanically  deboned  meat 
JSDA,  1976)  but  aroused  p ublic  interest  in  the  safety  of  this 
;w  product.  In  addition  to  t te  ir  terest  in  the  safety  of  MDM, 
msiderable  concern  has  bee  i ex  ressed  by  industry  and  con- 
tmers  about  the  palatabilit) , nu  ritional  quality  and  storage 
abihty  of  MDM. 

Field  et  al.  (1974);  Cross  ;t  al  (1976);  and  Meiburg  et  al. 
1976)  reported  that  produc  s of  acceptable  palatability  and 
utritional  content  could  be  trod  iced  from  mechanically  de- 
oned  meat.  However,  Golds  tram  1 (1975);  Lee  et  al.  (1975); 
leiberg  et  al.  (1976);  and  Velio  et  al.  (1976)  indicated  that 
)me  types  of  mechanically  deboi  ed  meat  could  develop  oxi- 
ative  rancidity  during  storage.  Little  or  no  research  data  are 
/ailable  to  indicate  the  storage  si  ability  of  ground  beef  con- 
dning  MDB;  therefore,  the  objectives  of  this  study  were  to 
/aluate  the  effects  of  storage  tin  e,  storage  temperature  and 
vel  of  mechanically  debon  d b -ef  (MDB)  on  the  rate  of 
evelopment  of  oxidative  rani  iditj  and  on  the  palatability  of 
•ozen  ground  beef. 

EXPERIVJEr  TAL 

eat  preparation 

Ground  beef  formulations  con  ainir  g three  levels  of  mechanically 
eboned  beef  (0,  10  and  20%)  were  fron  the  same  batches  prepared  for 
te  palatability  study  reported  1 y Cioss  et  al.  (1977).  Raw  meat 
aterials  were  from  USDA  Utility  triar  jles  (chuck,  foreshank,  brisket 
id  plate)  and  USDA  Choice  phtes  t lat  were  fabricated  under  the 
:hedule  AA  USDA  Regulations  (1973).  Coarse  ground  samples  were 
indomly  selected  throughout  the  dailj  production  (65,000  kg)  until 
eight  of  a sufficient  quantity  for  form  hating  the  treatments  was  ob- 
dned. 

All  hand  boned  meat  was  ground  t1  rough  a 1.90  cm  plate  with  a 
eiler  grinder.  Mechanically  deboi  ed  b :ef  (MDB)  was  obtained  from 
3cks,  backs,  ribs  and  pelvic  girdle  of  U >DA  Utility  carcasses  that  had 
sen  manually  boned.  These  bones  were  passed  through  a Weiler  bone 


cutter  into  a Model  AU  4171  Beehive  Boning  Machine  equipped  with  a 
cylinder  having  0.46  mm  diameter  holes.  Deboned  meat  was  boxed, 
quick  frozen  and  stored  at-— 34° C for  subsequent  analysis  and  product 
formulation.  Prior  to  formulation,  the  MDB  was  ground  through  a 1.90 
cm  plate  with  a Weiler  grinder  and  stored  at  -20°C.  Coarse  ground 
portions  of  beef  and  MDB  were  mixed  for  3-4  min  in  a Chemetron 
mixer.  During  mixing,  C02  snow  was  injected  twice  in  order  to  main- 
tain an  internal  temperature  of  7°C  or  less.  Following  mixing,  three 
samples  were  randomly  obtained  for  fat  analysis  using  the  Hobart  fat 
testing  apparatus.  Additional  fat  or  lean  was  added  from  USDA  Choice 
plates  to  adjust  the  fat  content  to  approximately  23%.  After  mixing, 
the  individual  batches  were  ground  through  a 0.32  cm  plate  using  a 
Weiler  grinder.  During  processing  the  product  internal  temperature  did 
not  exceed  7°C.  The  product  from  each  treatment  was  stuffed  into  1 kg 
Cryovac  Keeper  Casings  via  a VeMag  Pump  (Model  43).  The  chub  packs 
were  boxed  separately  and  placed  in  a -45°C  blast  freezer  for  48  hr 
and  subsequently  sorted  at  -30° C until  shipment.  The  frozen  product 
was  shipped  to  Beltsville,  MD,  via  truck  at  -20°C. 

Storage  treatments 

Ground  beef  chub  packs  from  each  treatment  (0,  10  and  20%)  were 
stored  at  -12,  -18  and  — 23°C.  Initially  and  at  2-wk  intervals,  one 
chub  pack  from  each  formulation  and  each  storage  temperature  was 
removed  for  subsequent  thiobarbituric  acid  (TBA)  and  sensory  analysis. 
Each  chub  pack  was  thawed  at  2-3°C  for  24  hr  and  formed  into  113g 
patties  0.95  cm  in  thickness  with  a Hollymatic  Model  200  patty 
machine.  Patties  were  refrozen  at  -30°C  for  6 hr  and  were  cooked 
from  the  frozen  state. 

Rancidity 

For  TBA  determination,  two  patties  from  each  treatment  were 
randomly  selected,  frozen  in  liquid  nitrogen  and  powdered  in  a high 
speed  blender.  Rancidity,  as  TBA  values,  was  determined  by  the  pro- 
cedures of  Tarladgis  et  al.  (1960). 

Cooking 

Frozen  patties  were  broiled  14  min  (7  min  on  each  side)  on  a 
Farberware  (model  450)  electric  grill  to  a “medium”  degree  of  done- 
ness (photographic  color  scale). 

Sensory  panel  evaluations 

Cooked  patties  were  evaluated  by  a trained  panel.  Procedures  for 
selection  and  training  of  the  panel  are  described  by  Cross  et  al.  (1978). 
The  seven  panelists  rated  patties  from  each  formulation  for  differences 
in  tenderness  and  juiciness  on  a 8-point  rating  scale  (8  = extremely 
tender  or  juicy  and  1 = extremely  tough  or  dry).  The  amount  of  con- 
nective tissue  residue  remaining  at  the  end  of  mastication  was  rated  on 
an  8-point  scale  (8  = none  and  1 = abundant  amount).  The  panel  was 
trained  to  evaluate  differences  in  tenderness,  juiciness  and  amount  of 
connective  tissue.  The  panel  also  subjectively  evaluated  the  samples  for 
desirability  of  appearance,  aroma,  flavor  and  for  overall  desirability  (8  = 
extremely  desirable  and  1 = extremely  undesirable).  The  entire  study 
consisted  of  twelve  3-day  taste  sessions  over  a period  of  6 months  (36 
sessions  total).  Four  samples  were  presented  to  the  panel  at  each 
session. 

Statistical  analysis 

Data  for  each  sensory  variable  was  treated  by  analysis  of  variance 
(ANOVA)  to  test  the  effects  of  MDB  level,  storage  temperature,  storage 
time  and  some  of  the  important  interactions.  With  the  taste  panel  re- 
sponses as  a vector,  a multivariate  analysis  of  variance  was  also  pre- 
formed (Press,  1971). 

RESULTS  & DISCUSSION 

ANOVA  and  subsequent  F tests  for  level  of  MDB,  storage 
temperature  and  storage  time  are  summarized  in  Table  1 . All 
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Table  1— Analysis  of  variance  for  taste  panel  palatability  traits 


Source 

Significance  of  F-ratio$ 

Tenderness 

Juiciness 

Flavor 

Connective 

tissue 

Appearance 

Aroma 

Desirability 

i/IDB  level 

ft  ft 

* ft 

* * 

* * 

* 

ft 

ft 

Storage  temperature 

NSa 

NS 

NS 

NS 

NS 

NS 

NS 

Storage  time 

* * 

ft  ft 

ft  ft 

* ft 

ft  ft 

ft  ft 

ft  ft 

i/IDB/time 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

i/IDB/temperature 

NS 

IMS 

NS 

NS 

NS 

NS 

NS 

femperature/time 

NS 

NS 

NS 

NS 

NS 

ft 

NS 

1 IMS  = nonsignificant 
* P < 0.05 
' • P < 0.01 


[stability  traits  were  significantly  (P  < 0.01  or  P < 0.05) 
ected  by  MDB  level  and  storage  time  but  not  by  frozen 
irage  temperature.  Among  main  effects  only  the  interaction 
temperature  by  time  for  aroma  was  significant. 

Results  of  the  multivariate  analysis  corresponding  to  the 
10VA  in  Table  1 appear  in  Table  2.  The  multivariate 
ilysis  confirmed  that  MDB  level  and  storage  time  were  the 
>st  important  main  effects.  The  fact  that  there  was  no  sig- 
icant  interaction  between  MDB  level  and  time  in  the  multi- 
iate  analysis  of  variance  indicated  that  the  beef  patties 
reriorated  with  time  at  the  same  rate  for  each  treatment 
DB  level). 


Table  2— Multivariate  analysis  of  variance  (taste  panel  traits  com- 
bined) 


Source 

Significance  of  F -ratios 

t/IDB  level 

ft  ft 

storage  temperature 

N5« 

storage  time 

* ft 

i/IDB/time 

NS 

/IDB/temperature 

NS 

femperature/time 

NS 

1 NS  = nonsignificant 

‘ * Significant  at  the  P < 0.01  level  of  probability 


tenderness  R2  = 0.67 


•ig.  1—A  linear  function  in  terms  of  time  for  MDB  level  and  tender- 
wss  (Significant  at  P < 0.05). 


Therefore,  for  each  palatability  trait,  only  one  equation, 
containing  an  intercept  correction  for  each  treatment,  is 
needed  to  relate  time  to  quality.  The  equation  in  its  three 
forms,  one  for  each  MDB  level,  and  the  associated  R2,s  are 
given  in  Figures  1-7.  For  each  palatability  trait,  three  func- 
tions were  plotted— one  for  each  MDB  level.  Because  there  was 
no  MDB  level  by  time  interaction  for  each  palatability  trait, 
the  three  lines  have  the  same  slope.  The  separations  among  the 
lines  reflect  the  mean  differences  among  MDB  levels. 

Generally,  the  panel  ratings  for  tenderness  increased  with 
the  level  of  MDB  (Fig.  1).  Figure  1 confirms  the  results  of 
Cross  et  al.  (1977)  that  ratings  for  tenderness  increased  with 
level  of  MDB  and  that  ground  beef  containing  MDB  deterio- 
rated at  the  same  rate  at  ground  beef  containing  no  MDB.  It  is 
commonly  accepted  that  data  from  trained  panels  do  not 
always  accurately  predict  levels  of  consumer  acceptance  or 
preference.  Many  researchers  who  have  compared  data  be- 
tween trained  and  consumer  panels  found  that  meat  that  was 
rated  “slightly  tough,  dry,”  etc.,  by  trained  panelists  was 
usually  rated  “slightly  unacceptable”  by  consumers.  On  a 
8-point  scale  that  rating  would  correspond  to  less  than  5. 
When,  on  the  basis  of  that  comparison,  we  assigned  5.0  as  the 
minimum  acceptable  panel  rating,  samples  with  0%  MDB  were 
“unacceptable”  at  about  14  wk  whereas  samples  with  10%  and 
20%  MDB  were  still  acceptable  at  24  wk. 

The  report  of  Cross  et  al.  (1977)  was  confirmed  in  that 
juiciness  ratings  were  not  affected  significantly  by  level  of 
MJ'B  (Fig.  2).  Juiciness  ratings  decreased  with  time  but  were 
still  above  the  "unacceptable”  (less  than  5.0)  cutoff  at  24  wk. 


Fig.  2— A linear  function  in  terms  of  time  for  MDB  level  and  juci- 
ness  (Significant  at  P < 0.05). 
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flavor 


g.  3— A linear  function  in  tern  • of  ime  for  MDB  level  and  flavor 
ignificant  at  P < 0.05). 


Flavor  ratings  were  lowest  in  he  ground  beef  containing 
Vo  MDB,  whereas,  rate  of  Ceclii  e did  not  differ  among  the 
ee  levels.  Ground  beef  co  itaii  ing  20%  MDB  reached  the 
rderline  in  flavor  acceptabi  ity  s fter  about  10  wk  of  storage 
g.  3). 

As  reported  by  Cross  et  at.  ( 1 >77)  detectable  connective 
;ue  decreased  with  increased  le  els  of  MDB.  The  0%  MDB 
iund  beef  initially  was  “ur  acce  )table”  in  amount  of  con- 
dive  tissue  (Fig.  4).  Cross  el  al.  (1976)  reported  that  ground 
sf  fromU.S.  Utility  grade  be<  f is  i nacceptably  high  in  amount 
connective  tissue.  Ground  bee  with  10%  and  20%  MDB 
s “acceptable”  throughout  l ie  2 1 wk  of  storage. 

Level  of  MDB  had  no  signi  dear  t effects  on  appearance  or 
ma  (Fig.  5 and  6).  Mean  pa  lei  l itings  decreased  with  time 
both  traits  but  were  abou  5.(  after  24  wk.  Addition  of 
B did  not  affect  the  rate  o dec  ine  for  overall  desirability 
h storage  time  (Fig.  7).  Gr  rune  beef  approached  the  5.0 
off  in  about  13  wk  for  20c,  > MI  'B,  in  16  wk  for  0%  MDB 
in  about  24  wk  for  10%  MI  B. 

Results  of  ANOVA  for  the  effe  ;ts  of  MDB  level,  storage 
iperature,  and  storage  time  on  T 3 A values  appear  in  Table 
Fhe  main  effects  for  MDB  1 ivel  tnd  storage  time  were  sig- 
cant  (P  < 0.01),  whereas  the  main  effect  for  storage 
iperature  was  not.  Interact  on  or  MDB  level  by  storage 
iperature  was  significant  (P  < 0.  )1).  The  significant  effect 
storage  time  on  TBA  was  not  described  by  a linear  or 


aroma 


ig.  6— A linear  function  in  terms  tf  tir  >e  for  MDB  level  and  aroma 
Significant  at  P < 0.05). 


Fig.  4— A linear  function  in  terms  of  time  for  MDB  level  and  con- 
nective tissue  (Significant  at  P < 0.05) 


Fig.  5— A linear  function  in  terms  of  time  for  MDB  level  and  appear- 
ance (Significant  at  P < 0.05). 


quadratic  function  and  therefore,  was  treated  as  a block  effect 
caused  by  some  controlled  factor.  Because  there  was  a signifi- 
cant MDB  level  by  temperature  interaction  we  used  Scheffe’s 
method  for  multiple  comparisons  for  differences  among  the 
three  levels  for  each  storage  temperature. 


overall 

ttosiresbility  RJ  = 0.25 


Fig.  7— A linear  function  in  terms  of  time  for  MDB  level  and  overall 
desirability  (Significant  at  P < 0.05). 
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Table  3— Analysis  of  variance  for  TBA  values 


Source 

Significance  of  F-ratio 

MDB  level 

** 

Storage  temperature 

IMS3 

Storage  time 

* ■» 

MDB/time 

NS 

MDB/temperature 

* # 

Temperature/time 

NS 

a NS  = nonsignificant 

* * Significant  at  the  P < 0.01  level  of  probability. 


Mean  TBA  values  at  three  storage  temperatures  and  three 
levels  of  MDB  appear  in  Table  4.  Storage  temperature  effects 
are  compared  within  each  MDB  level  by  the  numberical  super- 
scripts in  the  rows;  the  MDB  level  effects  are  compared  by  the 
letter  superscripts  within  the  columns.  For  0%  MDB,  TBA 
values  increased  as  storage  temperature  decreased,  but  the  dif- 
ference was  significant  only  at  — 23°C.  For  10%  MDB,  TBA 
values  were  significantly  higher  at  — 18°C  than  at  —12  or 
— 23°C.  For  20%  MDB,  TBA  values  were  not  significantly 
affected  by  storage  temperature.  These  differences,  although 
significant  are  likely  of  no  practical  importance. 

At  —12  and  — 18°C  storage  temperature,  TBA  values  were 
significantly  higher  for  10%  MDB,  while  0%  MDB  at  — 23°C 
had  the  highest  TBA  values.  It  is  questionable  whether  the 
magnitude  of  the  differences  in  TBA  values  is  great  enough  to 
be  of  practical  importance.  Usually,  depending  on  the  product, 
TBA  values  must  exceed  1.0  before  a trained  panel  could 
detect  differences  in  flavor. 

CONCLUSIONS 

FROM  OUR  DATA  pertaining  to  the  storage  properties  of 
ground  beef  containing  MDB  we  conclude: 

1.  Temperature  of  frozen  storage  had  no  significant  effects 
on  palatability  traits. 

2.  Rates  of  deterioration  for  palatability  traits  were  not 
affected  by  level  of  MDB. 

3.  Ground  beef  containing  20%  MDB  approached  the  flavor 
score  we  defined  as  unacceptable  after  10  wk  at  sub-freezing 
temperatures;  while  ground  beef  with  10%  or  0%  MDB  still 
had  acceptable  flavor  scores  after  24  wk. 

4.  Although  some  significant  differences  were  shown  among 
treatments,  TBA  values  for  all  formulations  were  below  the 
value  corresponding  to  a level  of  oxidative  rancidity  that 


Table  4— Mean  TBA  values  at  three  storage  temperature  and  three 
levels  of  MDBa 


Level  of  MDB  (%) 

Storage  temperature 

°C 

-12 

-18 

-23 

0 

O^S0’1 

0.474C-1 

0.606b>2 

10 

0.61 5*5-1 

0.686b'2 

0.538bcA 

20 

0.397c-l 

0.394c'1 

0.444C.1 

a Means  in  the  same  column  with  no  superscripts  in  common  are 
significantly  different  (P  < 0.10).  Numbers  in  the  same  row  that 
have  different  superscripts  are  significantly  different  (P  < 0.10) 


would  be  consistently  detected  by  trained  or  consumer  panel- 
ists. 
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A dye  reduction  method  was  developed  for  estimating  total  aerobic  and/or 
psychrotrophic  bacterial  counts  in  ground  beef.  The  method  is  based  on  color 
changes  in  indicator  disks  placed  on  the  meat  surface. 


The  use  of  chemical  indicators  as  agents  for 
the  determination  of  sanitary  quality  of  milk  is 
well  known  (3,  4,  8).  Various  redox  indicators 
have  also  been  used  as  rapid  tests  for  assessing 
the  bacteriological  quality  and/or  predicting 
the  shelf  life  of  other  foods,  including  maple  sap 
(5,  6),  red  meats  (1,  2,  9-11),  poultry  (12,  14), 
and  eggs,  seafood,  and  vegetables  (7,  13). 

The  purpose  of  this  study  was  to  develop  a 
simple  chemical  reduction  method  for  estimat- 
ing the  level  of  microbial  contamination  in 
ground  beef.  Such  a method  would  prove  ad- 
vantageous if  a meat  wholesaler,  retailer,  or 
consumer  could  estimate  the  bacterial  content 
of  a package  of  ground  beef  by  visual  observa- 
tion of  color  changes  in  an  indicator  disk  placed 
on  the  meat  surface  at  the  time  the  meat  was 
packaged. 

We  used  three  redox  indicators,  methylene 
blue  (MB;  Difco),  2,3,5,-triphenyltetrazoliu.m 
chloride  (TTC;  Difco),  and  resazurin  (RZ;  Man- 
ufacturing Chemists,  Norwood,  Ohio).  MB 
changes  from  blue  to  colorless  upon  reduction; 
TTC  changes  from  colorless  to  red  (triphenyl- 
formazan);  and  resazurin  changes  from  blue  to 
pink  (resofurin)  to  colorless  (hydtoresofurin). 
Ten  concentrations  (0.0025,  0.005,  0.01,  0.02, 
0.04,  0.08,  0.16,  0.32,  0.64,  and  1.28%)  of  each 
indicator  were  tested.  A preliminary  study  with 
plates  seeded  with  a mixed  culture  and  five 
bacterial  isolates  from  ground  beef  showed  that 
none  of  the  abdve  concentrations  of  any  of  the 
indicators  gave  measurable  zones  of  inhibition 
of  bacterial  growth  around  the  disks  on  the 
seeded  plates. 

The  indicators  were  dissolved  in  distilled  wa- 
ter and  0.1  ml  of  solution  was  placed  on  each 
Whatman  no.  2 filter  paper  disk  ( 1 cm  in  diame- 
ter). The  disks  were  dried  at  room  temperature 
overnight  in  the  dark  after  which  half  of  the 
disks  were  covered  on  one  side  with  one  drop 
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(Pasteur  pipette)  of  sterile  2%  agar.  Initial  rela- 
tive intensity  readings  of  all  the  disks  (with 
and  without  agar)  were  then  made  on  an 
Aminco  Microphotometer  (Travenol  Laborato- 
ries, Inc.,  Silver  Spring,  Md.)  with  an  Uniscan 
attachment  having  a 0.5-mm  slit  and  the  stand- 
ard ultraviolet  light  source  emitting  maximum 
energy  at  360  nm.  The  agar  layers  were  added 
and  initial  relative  intensity  readings  were  re- 
corded immediately  before  the  disks  were 
placed  on  the  ground  beef  patties. 

A total  of  112  fresh  3-ounce  (ca.  85  g)  ground 
beef  patties  representing  two  different  batches 
from  each  of  two  processors  were  used  in  this 
study.  Two  control  patties  from  each  of  the  four 
batches  were  evaluated  for  initial  total  aerobic 
and  psychrotrophic  bacterial  counts  the  day 
after  the  patties  were  delivered  from  the  proces- 
sors. On  the  same  day,  five  disks  representing 
five  different  concentrations  of  a given  redox 
indicator  were  lightly  pressed  with  forceps  onto 
each  of  96  patties.  The  agar  surfaces  of  the  disks 
were  placed  adjacent  to  the  patties.  Metricel 
membranes  (Gelman  Instrument  Co.;  13  mm  in 
diameter;  0.45-p.m  pore  size)  were  placed  be- 
tween the  ground  beef  patties  and  the  disks 
without  an  agar  layer.  Thus,  eight  patties  (two 
from  each  batch)  were  tested  for  each  treatment 
(3  dyes  x 10  concentrations/5  concentrations 
per  patty  x agar  surface  versus  Metricel  mem- 
brane). The  purpose  of  the  agar  surfaces  and 
the  Metricel  membranes  was  to  minimize  the 
absorption  of  meat  juices  by  the  indicator  disks. 

The  patties  were  placed  in  individual  plastic 
bags  (Baggies  sandwich  bags)  and  stored  at 
5 C.  The  eight  remaining  patties  served  as  5- 
day  and  12-day  controls.  Half  of  the  patties 
were  evaluated  after  5 days  of  storage  and  the 
remaining  half  after  12  days  for  total  aerobic 
and  psychrotrophic  bacterial  counts  and  rela- 
tive intensity  readings  of  the  disks.  Serial  dilu- 
tions of  the  bacteria  from  an  1 1-g  core  sample  (4 
cm  in  diameter)  from  the  center  of  each  pally 
were  made  in  phosphate- buffered  diluent  and 
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plated  on  plate  count  agar  (Difco)  in  duster 
dishes.  Plates  for  total  aerobic  counts  were  in- 
cubated for  48  h at  35  C and  plates  for  psy- 
chrotrophic  bacterial  counts  were  incubated  for 
10  days  at  5 C. 

Initial  mean  log  counts  of  total  aerobic  and 
psychrotrophic  bacteria  in  the  ground  beef  pat- 
ties were  5.68  and  5.91,  respectively.  Mean  log 
counts  after  5 days  of  storage  were  6.38  (range 

4.86  to  7.50)  for  total  aerobes  and  7.12  (range 

5.86  to  7.88)  for  psychrotrophs.  After  12  days  of 
storage,  the  mean  log  counts  of  total  aerobic 
and  psychrotrophic  bacteria  were  7.86  (range 
7.04  to  8.39)  and  8.41  (range  7.67  to  8.76),  re- 
spectively. 

Table  1 presents  the  correlation  coefficients 
for  total  aerobic  bacterial  counts  and  relative 
intensity  readings  of  the  indicator  disks.  Table 
2 presents  the  same  data  for  psychrotrophs. 
Indicator  disks  with  Metricel  membranes  gave 


better  correlations  with  counts  than  the  disks 
with  agar  surfaces.  Differences  in  the  thickness 
of  the  agar  layer  and  in  the  amount  of  indicator 
absorbed  from  the  disk  by  the  agar  caused  vari- 
ability in  relative  intensity  readings  among 
agar  indicator  disks.  Reduction  was  better  cor- 
related to  bacterial  counts  with  MB  than  with 
TTC  or  RZ.  MB  disks  (with  membranes)  at  the 
concentration  of  1.28%  gave  r values  of  0.91  for 
total  aerobic  bacteria  and  0.97  for  psychro- 
trophic bacteria.  A major  disadvantage  inher- 
ent in  the  use  of  TTC  is  that  the  reduced  com- 
pound ( tripheny Iformazan ) is  red  which  makes 
it  difficult  to  determine  whether  color  changes 
are  due  to  reduction  caused  by  bacterial  metab- 
olites or  to  the  absorption  of  meat  juices  by  the 
disk.  Psychrotrophic  bacterial  counts  were  bet- 
ter correlated  than  total  aerobic  counts  to  re- 
duction of  the  indicators,  a fact  which  is  not 
surprising  since  it  is  primarily  the  psychro- 


Table  1. 

Correlation 

between  total  aerobic  bacterial 

counts  (log,,,)  in  grou 

nd  beef  patties  and  relative 

intensity 

readings  of  the 

redox  indicator  disks 

Correlation  coefficients  (r  values) 

Redox  indi- 
cator concn 

Methylene  blue 

Tetrazolium 

Resazuri  n 

(%) 

Agar 

Membrane 

Agar 

Membrane 

Agar 

Membrane 

0.0025 

0.51 

0.71" 

-0.61 

-0.82" 

-0.28 

-0.49 

0.005 

0.66 

0.46 

-0.87" 

-0.79" 

- 0.38 

-0.49 

0.01 

0.65 

0.43 

-0.62 

-0.77" 

-0.53 

0.06 

0.02 

0.63 

0.62 

-0.75" 

-0.94" 

0.20 

-0.62 

0.04 

0.68 

0.59 

-0.61 

-0.72" 

-0.06 

-0.54 

0.08 

0.58 

0.80" 

-0.73" 

-0.47 

0.65 

-0.11 

0.16 

0.54 

0.86" 

-0.65 

-0.88" 

0.32 

0.64 

0.32 

0.58 

0.88" 

-0.51 

-0.69 

0.64 

0.44 

0.64 

0.55 

0.90" 

-0.53 

-0.52 

0.73" 

0.76" 

1.28 

0.56 

0.91" 

-0.34 

-0.39 

0.55 

0.62 

" P < 0.05 
" P < 0.01 

Table  2.  Correlation  between  psychrotrophic  bacterial  counts  (log,,,)  in  ground  beef  patties  and  relative 

intensity  readings  of  the  redox  indicator  disks 

Correlation  coefficients  (r  values) 

Redox  indi- 

cator  concn 

Methylene  blue 

Tetrazolium 

Resazuri  n 

(%) 

Agar 

Membrane 

Agar 

Membrane 

Agar 

Membrane 

0.0025 

0.74" 

0.87" 

-0.56 

-0.65 

-0.07 

-0.72" 

0.005 

0.83" 

0.68 

-0.86" 

-0.59 

-0.60 

-0.65 

0.01 

0.83" 

0.72" 

-0.63 

-0.57 

-0.40 

-0.26 

0.02 

0.82" 

0.76" 

-0.69 

-0.87" 

0.17 

-0.77" 

0.04 

0.83" 

0.77" 

-0.63 

-0.70 

-0.11 

-0.49 

0.08 

0.87" 

0.85" 

-0.76" 

-0.34 

0.63 

0.02 

0.16 

0.85" 

0.87" 

-0.67 

-0.75" 

0.57 

0.90" 

0.32 

0.86" 

0.86" 

-0.49 

-0.71" 

0.78" 

0.82" 

0.64 

0.85" 

0.90" 

-0.52 

-0.38 

0.82" 

0.92" 

1.28 

0.85" 

0.97" 

0.33 

0.45 

0.77" 

0.91" 

" P < 0.05. 
"P  < 0.01. 
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Table  3.  Equations  for  predicting  bacterial  counts  (log Hly)  from  redox  indicator  disk  relative  intensity 

readings  ( x)" 


Microorganism 

Redox  indicator 
concn 

Correla- 
tion coef- 
ficient 

Coefficient 
of  determi- 
nation 

Regression  equation 

f 

Standard 
error  of 
estimate 

Total  aerobes 

MB  (m)\  1.28% 

0.91 

83.14% 

log  y 

= 0.07687  x + 3.19390 

0.46 

TTC  (m),  0.02'j 

-orn 

87.44% 

log  y 

= -0.09859  x + 13.19014 

0.34 

RZ  (m),  0.64 % 

0i/6 

57.04% 

log  y 

= 0.27831  x - 6.70572 

0.86 

Psychrotrophs 

MB  (m),  1.28% 

0.97 

94.46% 

log  y 

= 0.07443  x + 3.96330 

0.24 

TTC  (m),  0.02% 

-0.87 

76.00% 

log  y 

= -0.08726  x + 13.17311 

0.45 

RZ  (m),  0.64% 

0.92 

84.84% 

log  y 

= 0.24805  x - 4.32307 

0.37 

" Based  on  eight  observations. 
''  m,  Metricel  membrane. 


trophic  bacteria  which  produce  metabolites  at 
5 C. 

Table  3 presents  the  regression  equations  for 
predicting  total  aerobic  and/or  psychrotrophic 
bacterial  counts  in  ground  beef  from  relative 
intensity  readings  of  the  reduced  indicator 
disks.  The  MB  method  was  more  acceptable 
than  the  TTC  and  RZ  methods;  however,  equa- 
tions are  presented  for  the  concentration  of 
each  indicator  which  produced  the  best  results. 
The  results  of  this  study  show  that  MB  dye 
reduction  can  be  used  to  predict  bacterial 
counts  in  ground  beef.  Although  the  ground 
beef  patties  used  in  this  study  were  evaluated 
after  5 and  12  days  of  refrigerated  storage,  the 
MB  disk  reduction  method  could  be  used  to 
estimate  the  bacterial  quality  of  ground  beef 
stored  for  any  given  period  of  time.  The  relative 
intensity  reading  on  a microphotometer  re- 
quires only  minutes,  whereas  plating,  incuba- 
tion, and  counting  procedures  require  2 days  for 
total  aerobic  bacteria  and  up  to  10  days  for 
psychrotrophic  bacteria. 

Although  these  data  indicate  that  MB  reduc- 
tion is  an  effective,  rapid  method  for  estimating 
bacterial  counts  in  ground  beef,  further  evalua- 
tion would  be  required  before  this  procedure 
could  prove  useful  in  a meat  packing  plant  or  a 
supermarket.  Standards  of  MB  color,  each  rep- 
resenting a particular  bacterial  level,  might  be 
developed  for  visual  comparison  with  the  MB 
indicator  disk.  Visual  comparison  would  elimi- 
nate the  requirement  for  an  instrument,  but 
would  introduce  subjective  error.  Also,  further 
studies  are  necessary  to  determine  the  effect  of 
meat  storage  time  and  temperature  on  the  de- 
gree of  reduction  (color  change)  and  to  establish 
whether  there  are  minimal  bacterial  levels  be- 
low which  the  method  loses  accuracy. 


We  thank  E.  James  Koch,  Agricultural  Research  Ser- 
vice, for  advice  and  assistance  in  analyzing  the  data 

LITERATURE  CITED 

1.  Austin,  B.  L.,  and  B.  Thomas.  1972.  Dye  reduction  tests 
on  meat  products.  J.  Sci.  Food  Agric.  23:542 
2 Bradshaw,  N.  J.,  E.  J.  Dyett,  and  S.  M.  Herschdoerfer. 
1961  Rapid  bacteriological  testing  of  cooked  or  cured 
meats,  using  a tetrazolium  compound  J.  Sci.  Food 
Agric.  12:341-344. 

3.  Harrigan,  W.  F.,  and  M.  E.  McCance.  1966  Laboratory 
methods  in  microbiology,  p 138-141  Academic  Press 
Inc. , New  York 

4 Jooste,  P.  J.,  and  H.  T.  Groeneveld.  1971  Bacterial 

counts  and  dye  reduction  tests  in  relation  to  the  keep- 
ing quality  of  South  African  pasteurised  milk  S.  Afr 
J.  Dairy  Technol.  3: 1 93—201 

5 Kissinger,  J.  C.  1971  Estimating  bacterial  populations 

in  raw  and  simulated  maple  sap  by  a modified  resa- 
zurin  test.  J.  Assoc.  Off.  Anal.  Chem.  54:27-29. 

6.  Kissinger,  J.  C.  1974.  Collaborative  study  of  a modified 

resazurin  test  for  estimating  bacterial  count  in  raw 
maple  sap.  J.  Assoc.  Off.  Anal.  Chem.  57:544-547. 

7.  Novak,  A.  F.,  E.  A.  Fieger,  and  M.  E.  Bailey.  1956. 

Rapid  procedures  for  approximation  of  bacterial 
counts  in  shrimp  and  oysters.  Food  Technol.  10:66-67. 
8 Palmer,  J.  M.  A.,  and  F.  V.  Kosikowski.  1967.  Simple 
ultrasensitive  test  for  detecting  penicillin  in  milk  J. 
Dairy  Sci.  50:1390-1394. 

9.  Pegram,  R.  G.  1969.  The  microbiological  uses  of  2,3,5, - 
triphenyltetrazolium  chloride.  J Med  Lab  Technol. 
26:175-198, 

10.  Pegram,  R.  G.  1972.  The  microbiological  uses  of  2,3.5- 
triphenyltetrazolium  chloride:  an  addendum  Lab. 
Practice  2 1:340—34 1 

11  Saffle,  R.  L.,  K.  N.  May,  H.  A.  Hamid,  and  J.  I).  Irby. 

1961  Comparing  three  rapid  methods  of  detecting 
spoilage  in  meat.  Food  Technol  15:465-467 

12  Walker,  H.  W„  W.  J.  Coffin,  and  J.  C.  Ayres.  1959  A 

resazurin  reduction  test  for  the  determination  of  mi- 
crobiological quality  of  processed  poultry.  Food  Tech- 
nol. 13:578-581. 

13.  Webb,  N.  B.,  F.  B.  Thomas,  F.  F.  Busta,  and  L.  S. 

Kerr.  1972.  Evaluation  of  scallop  meat  quality  by  the 
resazurin  reduction  technique.  J.  Milk  Food  Technol. 
35:664-668. 

14.  Wells,  F.  E.  1959.  Resazurin  reduction  tests  for  shelf 

life  estimations  of  poultry  meats.  Food  Technol. 
13:584-586 


Applied  and  Environmental  Microbiology,  June  1976,  p 826-830  Vol.  31,  No.  6 

Copyright  © 1976  American  Society  for  Microbiology  Printed  in  U .S  A 

Bacteriological  Quality  and  Shelf  Life  of  Ground  Beef 

B.  S.  EMSWILER,*  C.  J.  PIERSON,  and  A.  W.  KOTULA 

Meat  Science  Research  Laboratory , Agricultural  Research  Service,  U.  S.  Department  of  Agriculture , 

)v  Beltsville,  Maryland  20705 

Received  for  publication  17  February  1976 


The  bacteriological  quality  of  unfrozen  raw  ground  beef  was  evaluated  after  0, 

3,  6,  9,  12,  15,  and  18  days  of  storage  at  29  ± 1 F (-1.7  ± 0.6  C).  At  the  time  of 
fabrication,  all  of  the  ground  beef  samples  contained  10s  or  fewer  total  aerobic 
and  psychrotrophic  bacteria/g;  81%  contained  100  or  fewer  coliforms/g;  94% 
contained  100  or  fewer  Escherichia  coli/g;  and  all  of  the  samples  contained  100  or  a 
fewer  coagulase-positive  Staphylococcus  aureus  and  Clostridium  perfringenslg. 
Total  aerobic  and  psychrotrophic  bacteria  increased  by  1 log  between  3 and  18 
days  of  storage.  Coliform  and  E.  coli  counts  decreased  during  storage,  whereas 
coagulase-positive  S.  aureus  and  C . perfringens  counts  did  not  change  signifi- 
cantly. These  data  indicate  that  meat  processors,  wholesalers,  and  retailers 
could  improve  the  bacteriological  quality  and  prolong  the  shelf  life  of  ground 


packaged  in  oxygen-impermeable 
never  exceeded  29  ± 1 F (-1.7  ± 0.6  C) 


Ground  beef  provides  a favorable  environ- 
ment for  the  growth  of  bacteria.  Bacteria  nor- 
mally found  on  the  meat  surface  are  distributed 
throughout  the  entire  product  during  the  grind- 
ing and  mixing  processes  used  in  fabrication  of 
ground  beef.  The  bacterial  population  in 
ground  beef  depends  upon  the  bacteriological 
quality  of  the  trimmings  and  cuts  of  beef  that 
are  ground,  sanitation  during  fabrication,  type 
of  packaging,  and  time  and  temperature  of  stor- 
age. 

During  the  past  few  years,  there  has  been  an 
increased  interest  on  the  part  of  governmental 
agencies  toward  establishing  microbiological 
criteria  or  standards  for  various  food  products, 
including  ground  beef.  Some  states  (e.g.,  Ore- 
gon), cities,  and  counties  have  developed  stand- 
ards or  guidelines  to  be  enforced  at  their  levels, 
and  federal  agencies  are  also  active,  in  develop- 
ing various  criteria  (R.  W.  Johnston,  Meat  In- 
dustry Res.  Conf. , Univ.  of  Chicago,  Chicago, 
Ilh,  20-21  March  1975).  The  Center  for  Disease 
Control  (10)  has  reported  that  ground  beef  is 
infrequently  involved  in  foodborne  outbreaks, 
even  though  pathogens  such  as  coagulase-posi- 
tive staphylococci  and  Clostridium  perfringens 
can  be  isolated.  Goepfert  and  Kim  (3)  concluded 
that  even  if  ground  beef  is  abused  or  mishan- 
dled, the  pathogens  which  are  present  cannot 
multiply  because  they  cannot  compete  with 
spoilage  organisms  which  are  present.  How- 
ever, the  Center  for  Disease  Control  (11)  re- 
cently reported  on  an  extensive  outbreak  of 
salmonellosis  (Salmonella  newport)  from  ham- 


film if  the  temperature  of  the  product 


burger  eaten  raw  or  rare.  Proponents  of  micro- 
biological standards  insist  that  standards 
would  improve  the  quality  of  ground  beef. 

The  present  study  was  conducted  to  deter- 
mine (i)  the  bacteriological  quality  of  unfrozen 
ground  beef  produced  by  a federally  inspected 
processor  and  (ii)  the  bacteriological  quality 
and  shelf  life  of  the  product  after  storage  at  29 
± 1 F (-1.7  ± 0.6  C)  for  3,  6,  9,  12,  15,  and  18 
days. 

MATERIALS  AND  METHODS 

The  ground  beef  used  in  this  study  was  fabricated 
commercially  under  federal  inspection  and  supplied, 
unfrozen,  in  3-pound  (1,361-g)  chub  packs.  The  prod- 
uct was  fabricated  from  chilled  cow  beef  (rounds 
and  chucks),  chilled  beef  flanks,  line  trimmings, 
and  frozen  flaked  cow  beef.  The  meats  were  passed 
through  a coarse  grinder  (6.35-mm  plate),  then 
mixed  in  proportions  not  to  exceed  25%  fat  content. 
The  product  was  then  passed  through  a fine  grinder 
(3.17-mm  plate)  and  finally  through  a packaging 
machine  which  stuffed  ground  beef  into  oxygen-im- 
permeable casings  to  make  the  3-pound  chub  packs. 
The  final  product  is  usually  held  overnight  at 
-1.1  C and  shipped  to  retail  stores  the  following 
day.  However,  the  chub  packs  used  in  this  study 
were  transported  (20  min)  the  same  day  they  were 
fabricated  to  the  Beltsville  Agricultural  Research 
Center,  where  they  were  stored  at  -1.7  ± 0.6  C 
until  they  were  analyzed. 

Ground  beef  samples  were  taken  from  two  differ- 
ent batches  (early  morning  and  midmorning)  on 
each  of  4 days  (1  day  every  2 weeks)  at  the  meat 
processing  plant.  Two  11-g  samples  of  ground  beef 
from  each  of  the  eight  batches  were  taken  from  the 
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INFLUENCE  OF  ADDED  SOY  PROTEIN  ON  ELECTROPHORETIC  PATTERNS 
OF  THE  WATER-SOLUBLE  PROTEINS  OF  COOKED  BEEF  PATTIES 


ABSTRACT  

itties  containing  all  beef,  20%  or  30%  of  either  textured  soy  protein 
rSP)  or  concentrate  (SC)  were  cool  ed  f(  r different  time— temperature 
rmbinations  that,  for  the  all-beef  pattie: , produced  rare  (58°C),  medi- 
m rare  (62° C),  medium  well  (66°(  I anc  well  (68°C)  done  meat.  Sodi- 
n dodecyl  sulfate-acrylamide  gel  e ectrc  phoresis  of  the  water  extract 
r the  cooked  patties  yielded  eight  banti'J  of  different  intensities.  The 
tensities  of  seven  bands  decreased  sign  ficantly  (P  < 0.001)  with  in- 
easing degree  of  meat  doneness.  >even  of  the  eight  band  intensities 
:creased  significantly  (P  < 0.001)  with  the  addition  of  soy  protein, 
tie  intensity  of  the  eight  bands  whi  h wc  e 20.4,  12.9,  10.9,  12.6,  8.6, 
1.6,  135.4  and  60.0  for  the  cooked,  all  beef  patties  were  reduced  to 
9,  5.2,  0.6,  1.2,  4.4,  2.7,  24.4  ai  d 2.  respectively,  for  the  patties 
mtaining  30%  added  SC.  The  dena  uratim  of  the  soluble  proteins  was 
eater  in  patties  containing  SC  thai  TSF  , as  indicated  by  reduction  of 
tensity  in  seven  of  the  eight  band::.  Th<  change  in  cooking  character- 
tics  was  probably  due  to  co-denati  ratio  l of  the  soluble  meat  protein 
tth  the  soy  protein. 


5NTROBI  CTI  3N 

HEN  THE  COST  of  meat  increased,  supplementation  of 
eat  products  with  vegetable  i rote  ns,  such  as  textured  soy 
■otein  or  soy  concentrate,  became  an  economic  reality.  The 
Idition  of  soy  protein  to  meat  can  be  detected,  in  both  raw 
id  cooked  products,  by  electro ohoistic  techniques  (Lee  et  al. 
17  5,  1976). 

The  influence  of  cooking  bet  f on  the  denaturation  of  pro- 
ins and  on  the  resultant  elec  ropl  oretic  patterns  has  been 
udied.  Fogg  and  Harrison  (1975),  who  recognized  the  impor- 
nce  of  internal  endpoint  ten  per;  ture  on  palatability  and 
ceptance  of  meat,  studied  th  inf  luence  of  two  endpoints, 
>°C  and  45° C in  semitendinosus  muscle  on  the  electro- 
loretic  patterns  of  the  sarcoplasmic  proteins.  They  con- 
ided  that  heating  to  25°C  decreased  the  number  and  inten- 
y of  the  slowest  migrating  pro  :ein  components  of  the 
rcoplasmic  fraction,  and  the  effects  were  more  pronounced 
45°C.  Lee  et  al.  (1974)  derm  nstr  ited  that  cooking  meat  at 
degree  increments  from  65°C  to  0°C  caused  a progressive 
wakening  and  disappearance  of  the  electrophoretic  bands  un- 
, at  90°C,  only  one,  myoglobin,  af  the  six  original  bands 
mained.  Those  authors  reported  fiat  the  disappearance  of 
e bands  was  so  precise  in  relation  to  temperature  increase, 
at  they  recommended  electrophoresis  for  determining  the 
mperature  to  which  meat  had  been  cooked.  They  indicated 
at  the  procedure  could  be  usee  to  ensure  that  meat  had  been 
oked  to  69°C  as  a precaution  ; gain  >t  foot-and-mouth  disease 
ms  that  might  be  found  in  imp ortec  meat. 

We  have  investigated  the  infiueme  of  the  addition  of  soy 
otein  to  beef  on  the  denatura  :ion  of  water-soluble  proteins 
iring  cooking,  as  measured  by  changes  in  electrophoretic  pat- 
rns,  and  the  relation  of  those  changes  to  internal  endpoint 
mperature  (apparent  degree  of  done  ness). 

EXPERIM  ENT\L 


mple  preparation 

Textured  soy  protein  (TSP)  and  scy  concentrate  (SC)  were  hydrated 


1:1.5  and  1:2.5  with  water  respectively,  as  recommended  by  the  School 
Lunch  Program  (IJSDA,  1971).  The  beef,  75/25  (lean  to  fat)  plate, 
chuck  and  brisket  from  U.S.  Good  carcasses,  was  ground  through  a 2.54 


cM"  pldte".  HydraTeB  soy  proteins  were  added  To  the'bee  I to  levels'  oTTo” 
add  30%.  The  mixtures  were  ground  through  a final  0.32  cm  plate  and 
automatically  formed  into  85g,  1 1 mm  thick  patties.  All-beef  patties 
(control)  were  prepared  in  a similar  manner,  without  soy  protein.  The 
five  types  of  patties  were  packaged  in  corrugated  boxes  lined  with 
plastic,  frozen  at  -25PC  and  stored  at  -17°C  until  evaluated. 

Patties  were  cooked  from  the  frozen  state  on  a grill  to  doneness 
endpoints  of  rare  (58°C-internal  temperature  of  patty),  medium  rare 
(62°C),  medium  well  (66°C)  or  well  (68°C).  Three  time-temperature 
combinations  were  used  to  obtain  each  degree  of  doneness,  as  tabulated 
below.  Patties  were  visually  categorized  as  to  degree  of  doneness. 


Griddle 

temp 

(°C) 


Doneness 

Rare  Med  rare  Med  well  Well  done 

(min)  (min)  (min)  (min) 


121  89  10  11 

149  5 6 7 8 

177  4 5 6 7 


Three  patties  of  each  of  the  five  types  were  cooked  at  each  time- 
temperature,  then  cooled.  Various  time-temperature  relationships  were 
used  for  each  degree  of  doneness  to  introduce  variability  in  cooking 
methodology  which  might  be  encountered  under  normal  circumstances. 
A 5-10g  core  Sample  of  the  center  of  each  of  the  180  cooked  patties 
was  homogenized,  with  an  equal  weight  of  water  at  16,000  rpm  for  2 
min,  centrifuged  for  15  min  at  16,000  x G and  filtered  through  What- 
man No.  1 paper.  The  filtrate  was  used  for  electrophoretic  determina- 
tion of  soluble  proteins. 

Sodium  dodecyl  sulfate  (SDS)  acrylamide  gel  electrophoresis 

The  method  of  Lee  et  al.  (1974)  was  used  for  electrophoresis,  and 
times  were  3-4  hr.  The  number,  migration  distance  and  density  of  the 
stained  bands  were  measured  with  an  Aminco  Microphotometer.  Rela- 
tive densities  were  recorded  as  area  under  the  peak  produced  by  each 
band  and  expressed  in  tenths  of  a square  centimeter. 

Statistical  analyses 

The  data  were  treated  by  analysis  of  variance  (Snedecor  and  Coch- 
ran, 1972)  and  the  Multiple  Range  Test  (Duncan,  1955). 

RESULTS  & DISCUSSION 
Denaturation  of  all-beef  patties 

Figure  1 shows  the  SDS-acrylamide  electrophoretograms  of 
the  water-soluble  proteins  from  uncooked  beef,  beef-soy  pat- 
ties and  soy  proteins.  Figure  2 shows  band  intensities  of  all- 
beef patties  cooked  to  four  internal  temperatures,  58°C,  62°C, 
66°C  and  68°C  representing  four  degrees  of  doneness,  rare, 
medium  rare,  medium  well  and  well,  respectively.  The  loss  of 
intensity  of  the  bands  is  similar  but  not  as  marked  as  that 
reported  by  Lee  et  al.  (1974)  for  beef  cooked  to  endpoints  of 
65— 90°C.  The  mean  electrophoretic  band  intensities  of  all- 
beef patties  are  reported  in  a later  table  (4).  The  intensity  of 
band  7 (myoglobin),  which  Lee  et  al.  (1974)  reported  to  be 
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Fig.  1 —SDS-acrylamide  electrophoretograms  of  water  soluble  pro- 
teins from  uncooked  beef,  beef-soy  patties  and  soy  proteins. 


58°  62°  66°  68° 
Internal  temp. 
BEEF 


Fig.  2— SDS-acrylamide  electrophoretograms  of  water  soluble  pro- 
teins from  cooked  beef  patties. 
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BEEF  20% 30%  20%  30% 


TSP  SC  TSP  SC 

RARE  58°  WELL  68° 


Fig.  3— SDS-acrylamide  electrophoretograms  of  water  soluble  prd * Fig.  4— SDS-acrylamide  electrophoretograms  of  water  soluble  pro- 
teins from  "rare”  beef  patties  containing  soy  protein.  teins  from  "well"  beef  patties  containing  soy  protein. 
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ELECTROPHORETOGRAMS  OF  BEEF-SOY  PATTIES  . . . 


the  most  resistant  to  heat  denaturation,  was  not  significantly 
different  for  beef  cooked  to  endpoints  of  58-66°C. 

Effect  of  griddle  temperature  on  beef-soy 
patty  band  intensities 

The  electrophoretic  patterns  of  cooked  beef  patties  con- 
taining soy  protein  displayed  eight  distinct  bands.  Only  band  7 
was  significantly  influenced  by  griddle  temperature  (Table  1). 
The  mean  intensities  of  band  7 were  92.6,  75.6  and  70.0  for 
60  patties  cooked  at  121,  149  and  177°C,  respectively.  Grid- 
dle temperatures  of  149  and  1 77°C  significantly  decreased  the 
intensity  of  band  7. 

Influence  of  degree  of  doneness  on  intensities 
of  protein  bands 

We  evaluated  only  one  brand  each  of  TSP  and  SC.  Proces- 
sing techniques  for  TSP  and  SC  vary  among  companies  and 


might  influence  electrophoretic  bands  because  high  processing 
temperatures  would  increase  denaturation  of  protein. 

The  intensities  of  all  eight  bands  from  patties  containing 
soy  protein  were  influenced  significantly  (P  < 0.001,  for  bands 
1—7;  P < 0.05,  for  band  8)  by  degree  of  doneness  to  which  the 
patties  were  cooked  (Table  1).  Table  2 shows  decreases  of 
intensity  of  86,  77,  82,  87,  81,  64,  51  and  27%  for  bands  1 
through  8,  respectively,  as  the  beef-soy  patties  were  heated 
from  58°C  to  68°C.  These  data  agree  with  those  of  Fogg  and 
Harrison  (1975)  who  reported  a decrease  in  number  and  inten- 
sity of  the  protein  components  having  the  largest  molecular 
weight  (the  components  migrating  the  shortest  distance)  with 
increasing  temperatures. 

Effect  of  soy  additives  on  band  intensity 

Kotula  and  Rough  (1975)  reported  that  under  similar  con- 


Table  1 —Mean  square  densities  of  electrophoretic  bands  and  their  significance  obtained  from  analysis  of  variance 


Band 

Source 

df 

1 

2 

3 

4 

5 

6 

7 

8 

Corrected  total 

179 

Temp  of  griddle 

2 

15.9 

, 9.2 

i.i 

56.6 

89.5 

103.6 

8337.6** 

174.5 

Doneness 

3 

1701.6*** 

1566.1*** 

829.9*** 

1671.7*** 

1213.9*** 

300.0*** 

26492.0*** 

1018.8* 

Ternp  X doneness 

6 

36.0 

82.7 

103.2* 

72.3 

60.3 

70.6 

737.3 

745.9* 

Soy 

4 

2061.8*** 

509.1*** 

635.8*** 

615.5*** 

341.2*** 

835.2*** 

73703.5*“ 

22151.9*** 

Temp  X soy 

8 

105.6 

84.9 

35.2 

99.3 

15.9 

36.5 

615.6 

354.4 

Goneness  X soy 

12 

363.5*** 

135.2 

120.2** 

209.8*** 

80.5 

93.9 

2075.2 

575.5 

Temp  X doneness  X soy 

24 

91.4 

72.7 

37.9 

80.5 

67.2 

58.3 

3030.9** 

858.8 

Error 

120 

80.3 

80.3 

43.0 

59.9 

61.6 

60.4 

1320.4 

291.2 

* (P  < 0.05) 
**  (P  < 0.01) 
***(P<  0.001) 

Table  2— Mean  electrophoretic  band  intensity  of  beef-soy  patties  as  influenced  by  degree  of  patty  donenessa 

Donenass 

Temp 

<°C) 

Bandb 

1 

2 

3 

4 

5 

6 

7 

8 

Rare 

58 

17.1a 

16.0a 

11.8a 

15.2a 

15.4a 

9.9a 

112.9a 

24.7a 

Medium  rare 

62 

8.0b 

4.9b 

4.9b 

4.2b 

7.6b 

6.4b 

77.0b 

15.5b 

Medium  well 

66 

6.7b 

4.3b 

3.6b 

3.4b 

7.0b 

5.8b 

72.3b 

25.0a 

Well 

68 

2.4c 

3.6b 

2.1b 

1.9b 

3.0c 

3.7b 

55.2c 

18.0ab 

a Means  within  a column  followed  by  the  same  letter  are  not  significantly  different  (P  < 0.05)  (Duncan,  1955).  Each  value  Is  the  mean  of  45  deter- 
minationations. 

b Relative  intensities  reported  as  area  under  the  peak  in  0.1  cm2  . 


Table  3— Mean  electrophoretic  band  intensity  of  cooked  beef  patties  as  influenced  by  addition  of  soy  protein a 


Bandb 


Product 

1 

2 

3 

4 

5 

6 

7 

8 

All -beef 

20.4a 

12.9a 

10.9a 

12.6a 

8.6ab 

14.6a 

135,4a 

60.0a 

20%  TSPC 

1 1 .8b 

4.6c 

6.9b 

6.3b 

9.8ab 

4.1  be 

109.1b 

30.1b 

30%  TSP 

5.0c 

9. lab 

7.4b 

5.7b 

12.3a 

7.1b 

82.1c 

0.6d 

20%  SC 

2.7c 

4.1c 

2.0c 

4.9b 

6.1  be 

4.0bc 

45. 7d 

10.6c 

30%  SC 

2.9c 

5.2bc 

0.6c 

1.2c 

4.4c 

2.7c 

24. 4e 

2.6d 

a Means  within  a column  followed  by  the  same  letter  are  not  significantly  different  (P  < 0.05)  (Duncan,  1955).  Each  value  is  the  mean  of  36  deter- 
minations. 

b Relative  Intensities  reported  as  area  under  the  peak  In  0.1  cm2 . 
c TSP— Textured  soy  protein;  SC— Soy  concentrate. 
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ditions,  endpoint  temperature  were  1—2  degrees  lower  for 
ground  beef  containing  aided  soy  than  for  all-beef  patties. 
They,  Judge  et  al.  (1974)  and  \nderson  and  Lind  (1975)  also 
reported  that  moisture  and  fit  losses  during  cooking  were 
affected  by  the  soy  additives.  The  addition  of  soy  protein  to 
beef  patties  significantly  charged  (P  < 0.001)  the  electro- 
phoretic patterns  of  the  cooked  patties  (Table  1),  and  the 
intensity  of  seven  bands  was  significantly  (P  < 0.05)  reduced 
by  either  soy  protein  at  both  concentrations  (Table  3).  Band  5 
did  not  follow  the  same  patten.  The  intensity  of  band  5 dif- 
fered significantly  betwee  i 30%>  SC  and  the  all-beef  samples, 
but  not  between  the  all-bec f an  I any  of  the  other  samples. 

For  every  band  but  8 (Fabl ; 3),  both  levels  of  SC  reduced 
intensities  more  than  correspc  nding  levels  of  TSP;  some  of 
those  differences  were  significant  (P  < 0.05). 

From  our  present  data,  we  could  not  determine  whether 
the  reduction  in  band  intensity  associated  with  the  addition  of 
soy  protein  was  due  to  increased  loss  of  soluble  protein  with 
the  cooking  juices  or  to  co-de  naturation  of  the  soy  proteins 
with  the  beef  proteins.  Ko  ula  end  Rough  (1975)  stated  “Beef- 
soy  patties  formulated  with  S(  lost  more  weight  during  cook- 
ing than  patties  formulated  with  TSP  but  less  than  all-beef 
patties.  Whereas,  beef-soy  pat  ties  formulated  with  TSP  lost 
more  fat  and  less  moisture  to  ooking  juices  than  all-beef  pat- 
ties, beef-soy  patties  with  SC  lest  more  moisture  and  less  fat  to 
the  cooking  juices  than  the  all-ieef  patties.”  That  relationship, 
suggests  that  more  soluble  pro  eins  might  have  been  lost  with 


the  greater  volume  of  cooking  juices  from  the  SC  patties,  than 
from  the  TSP  patties.  That  hypothesis  might  explain  why  the 
bands  were  less  intense  for  SC  than  for  TSP  patties.  That 
hypothesis  however,  would  not  explain  why  band  intensities 
were  lower  for  TSP  than  for  all-beef  patties  which  lost  more 
moisture  during  cooking,  and  thus  should  have  had  less  dense 
bands. 

To  explain  the  denaturation  of  myoglobin  at  a lower  tem- 
perature with  than  without  the  presence  of  other  protein  in 
solution,  Bernofsky  et  al.  (1959)  hypothesized  that  myoglobin 
co-denatures  with  other  water-soluble  protein  from  meat.  Such 
co-denaturation  of  the  soluble  meat  proteins  with  the  soluble 
soy  proteins  might  explain  the  decrease  in  band  intensity 
associated  with  the  addition  of  soy  protein  to  beef. 

When  TSP  and  SC  were  incorporated  into  beef  patties 
which  were  then  cooked  to  different  degrees  of  doneness, 
band  intensities  were  decreased  by  both  temperature  increase 
and  the  addition  of  soy  protein  (Fig.  3 and  4). 

Data  in  Table  4 indicate  that  SDS  acrylamide  gel  electro- 
phoresis might  be  used  for  estimating  the  maximum  temper- 
ature to  which  beef  has  been  cooked,  as  reported  by  Lee  et  al. 
(1974),  for  beef  when  discrete  temperature  differences  of  only 
a few  degrees  are  not  important.  The  influence  of  SC  on  loss 
of  intensity  for  bands  7 and  8 was  greater  for  the  rare  patties 
than  for  the  all-beef  patties  cooked  to  the  “well”  degree  of 
doneness.  Lee  et  al.  (1974)  suggested  that,  in  their  electro- 

— Continued  on  page  746 


Table  4— Mean  electro f,  ^o  retie  band  intensity  of  beef-soy  patties  as  influenced  by  the  interaction  of  doneness  and  soy  protein a 


Bandb 

Treatment 

1 

2 

3 

4 

5 

3 

7 

8 

Rare  (58°  C) 

Beef 

37.7a 

21. lab 

20.0a 

29.3a 

19.4a 

16.0ab 

1 70.9a 

56.1b 

20%  TSPC 

2t  6b 

14.7bc 

19.8a 

21.2b 

1 7.3ab 

9.4bc 

162.7a 

38.0c-e 

30%  TSP 

12.4d-e 

24.3a 

12.2b 

11.6c 

17. lab 

14.8ab 

1 19.9bc 

1.4h 

20%  SC 

7 . 1 d-c 

9.8c-e 

4.4c-e 

10.7cd 

12.4a-d 

4.3cd 

72.4d-g 

22.4e-g 

30%  SC 

cn 

CD 

Cn 

lO.lc-e 

2.6de 

3.1  de 

10.8b-f 

5. led 

38.8g-j 

5.3gh 

Medium  rare  (62° C) 

Beef 

2*  .Obc 

1 0 ,8cd 

8.6b-d 

11. led 

6.1  d-g 

14.9ab 

1 34.9ab 

51.7bc 

20%  TSP 

2.7fg 

1.2de 

2.7de 

1.4e 

3.4e-g 

Od 

86.6c-f 

16.8f-h 

30%  TSP 

fi.4e-o 

5.6c-e 

11.1  be 

7.0c-e 

1 5.6a-c 

9.1bc 

92.2c-e 

Oh 

20%  SC 

3.ifg 

0.4e 

2. Ode 

1.2e 

4.1  d-g 

5.2cd 

53.0f-j 

8.0gh 

30%  SC 

3.6fg 

2.4de 

Oe 

Oe 

5.6d-g 

3.0cd 

18.3ij 

1.2h 

Medium  well  (66°C) 

Beef 

ir;.9cd 

14.1  be 

8.8b-d 

8.6c-e 

6.7d-g 

17.9a 

142. 7ab 

81.7a 

20%  TSP 

1.!.6de 

1 ,6de 

5.3c-e 

Lie 

10.9b-f 

1.4cd 

106.3b-d 

33.9d-f 

30%  TSP 

<»g 

l.lde 

3.7de 

3. Ode 

1 1 .0b-e 

2.2cd 

60.3e-h 

Oh 

20%  SC 

<>g 

1.8de 

Oe 

4.1c-e 

8.0c-g 

5.0cd 

28.3h-j 

7.1gh 

30%  SC 

4.2e-c 

3. Ode 

Oe 

Oe 

1.2g 

2.7cd 

23.9h-j 

2.1h 

Well  (68°  C) 

Beef 

4.0fg 

5.7c-e 

6.3b-e 

1 ,4e 

2.2fg 

9.7bc 

93.3c-e 

50.4b-d 

20%  TSP 

!5.2e-c 

l.lde 

0e 

1.6e 

7.6c-g 

5.3cd 

80.9d-f 

31.7ef 

30%  TSP 

1 -0g 

1 4de 

2.6de 

1.3e 

5.3d-g 

2. led 

56. 1 e-i 

1 .1  h 

20%  SC 

0.6g 

4.4de 

1.7de 

3.6c-e 

0g 

1.4cd 

28.9h-j 

4.8gh 

30%  SC 

1 .4g 

5.1c-e 

Oe 

1.5e 

0g 

Ocd 

16.8j 

1.9h 

a Means  within  a column  folio  wee  by  the  same  letter  are  not  significantly  different  (P  < 0.05 ) ( Duncan,  1955).  Each  value  is  the  mean  of  nine  deter- 
minations. 

b Relative  intensities  reported  as  f rea  under  the  peak  in  0.1  cm2  . 
c TSP  — Textured  soy  proteir;  SC  -Soy  concentrate. 


734  - JOURNAL  OF  FOOD  SCIENCE  - Vol.  42,  No.  3 (1977) 


ELECTROPHORETOGRAMS  OF  BEEF-SOY  PATTIES  . . . From  page  734 


phoretic  method,  reduction  of  the  number  of  distinct  protein 
bands  to  four  or  less  indicated  that  beef  had  been  cooked  to 
70°C  and  thus  ensured  the  inactivation  of  the  foot-and-mouth 
disease  virus.  Figures  3 and  4 show  electrophoretic  patterns  of 
beef-soy  patties  with  fewer  than  four  protein  bands  for  the 
patties  that  had  been  cooked  to  endpoints  ranging  from 
58-68°C.  Thus  the  procedure  of  Lee  et  al.  (1974),  which 
apparently  was  effective  for  all-beef  products  in  casings, 
should  not  be  extrapolated  for  use  with  meat  products  to 
which  other  proteins  such  as  soy  have  been  added. 

Effects  should  be  determined  of  other  potential  meat  addi- 
tives (casein,  whey,  peanuts,  cottonseed  and  water)  on  the 
electrophoretic  patterns  of  the  fabricated  products  during 
cooking. 
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holding  bin  between  the  fine  grinder  and  the  pack- 
aging machine,  making  a total  of  16  production  line 
(0-time)  samples.  The  production  line  samples  were 
analyzed  in  a mobile  microbiology  laboratory 
parked  beside  the  meat  plant.  Eighteen  chub  packs 
were  collected  from  each  batch  (total,  144  chub 
packs)  for  storage  so  that  three  chub  packs  from 
each  ba;  ch  w ;re  available  for  sampling  after  3,  6,  9, 
12,  15,  and  Id  days  of  storage  at  -1.7  ± 0.6  C. 

The  11-g  samples  obtained  before  packaging  (0- 
time)  were  b ended  2 min  in  99  ml  of  sterile  phos- 
phate-buffered diluent  (pH  7).  Three  locations  were 
sampled  aseptically  within  each  chub  pack  to  obtain 
a 25-g  sample  that  was  blended  2 min  in  225  ml  of 
sterile  phosphate-buffered  diluent.  Serial  dilutions 
of  the  samples  were  plated  in  duplicate  on  plate 
count  agar  (Di.fco  Laboratories,  Detroit,  Mich.)  in 
cluster  dishes.  Plates  for  total  aerobic  bacterial 
counts  were  ncubated  48  h at  35  C,  and  plates  for 
psychrotroph  c bacterial  counts  were  incubated  10 
days  at  5 C. 

Colifo  *ms,  Escherichia  coli , and  Staphylococcus 
aureus  vie  re  enumerated  according  to  the  methods 
described  in  toe  Microbiology  Laboratory  Guidebook 
(12).  All  EC  broth  (Baltimore  Biological  Laboratory, 
Cockeys /ilie,  Md. ) tubes  showing  gas  after  24  h at 
45.5  C were  streaked  onto  Levine  eosin  methylene 
blue  agar  (BEL)  for  detection  of  typical  E.  coli  colo- 
nies. 

'w--  C.  perfringens  was  isolated  by  inoculating  one 
tube  of  neutr  al  red  cooked  meat  (NRCM)  medium 
from  eac  h of  the  serial  dilutions  of  the  samples  in 
phospha  e bu  'fer.  Each  tube  of  NRCM  medium  con- 
tained a oout  1.0  g of  cooked  meat  medium  (Difco) 
plus  8 ml  ol  NRCM  diluent  (10.0  g of  tryptone 
IDifco];  1 .0  g rf  sodium  thioglycolate;  1.0  g of  soluble 
starch  [L  ifco  J 2.0  g of  dextrose;  5 ml  of  a 1%  solution 
of  neutral  rec  [Difco]  dissolved  in  60%  ethanol;  and 
1 liter  of  distilled  water).  Presumptive  positive  tubes 
of  NRCM  wen  those  that  turned  yellow  after  24  h at 
35  C.  Any  red  tubes  were  held  3 days  before  they 
were  recorded  as  negative.  From  each  positive  tube 
of  NRCM,  a tube  of  peptone  colloid  medium  (Difco) 
was  inoculated  (1  ml)  and  incubated  24  h at  35  C. 
From  each  inoculated  peptone  colloid  tube,  a tube  of 
Strong  sporuiation  medium  (4.0  g of  yeast  extract 


IDifco);  15.0  g of  proteose  peptone  no.  3 [Difco];  4.0  g 
of  soluble  starch  IDifco];  1.0  g of  sodium  thioglycol- 
ate; 10.0  g of  Na2HP04;  0.5  g of  Norit  A [J.  T.  Baker 
Chemical  Co.,  Phillipsburg,  N.J.];  and  1 liter  of  dis- 
tilled water)  was  inoculated  (1  ml)  and  incubated  24 
h at  35  C.  From  each  tube  of  previously  inoculated 
Strong  sporulation  medium,  1 ml  was  then  pipetted 
into  tubes  containing  1.0  ml  filtered  100%  ethanol. 
The  alcohol  tubes  were  shaken  and  left  at  room 
temperature  for  1 to  2 h,  then  0.1  ml  of  the  alcohol 
mixture  from  each  tube  was  pipetted  onto  plates  of 
sulfite  polymyxin  sulfadiazine  agar  (SPS;  Difco)  con- 
taining 1.0  ml  of  ferric  ammonium  citrate  solution 
(34.0  g of  anhydrous  sodium  thiosulfate,  4.0  g of 
ferric  ammonium  citrate,  and  100  ml  of  distilled 
water)  per  100  ml  of  SPS  agar.  The  plates  were 
streaked  for  isolation,  caped  with  an  additional  5 to 
7 ml  of  agar,  and  incubated  in  GasPak  100  anaerobic 
systems  (BBL)  for  48  h at  35  C.  Two  typical  black 
colonies  were  picked  from  each  SPS  plate  for  con- 
firmation tests.  Each  colony  was  used  to  inoculate 
a tube  of  indole-nitrite  medium  (BBL)  and  a tube  of 
motility-nitrite  medium  (25  g of  indole-nitrite  me- 
dium, 2 g of  agar,  and  1 liter  of  distilled  water). 
The  tubes  were  incubated  for  48  h at  35  C,  then 
examined  for  motility,  indole  production  (with 
Kovac  reagent),  and  nitrate  reduction  (with  sul- 
fanilic  acid  reagent  and  a-naphthylam;ne  reagent). 
Gram-positive  rods  which  were  nonmotile,  indole 
negative,  and  nitrate  positive  were  considered  to  be 
C.  perfringens. 

RESULTS 

The  bacterial  contents  of  the  raw  ground  beef 
before  and  after  storage  at  -1.7  ± 0.6C  are 
summarized  in  Table  1.  Initial  mean  login 
counts  for  total  aerobic  and  psychroirophic  bac- 
teria in  the  ground  beef  samples  were  4.60/g 
and  4.86/g,  respectively.  Total  aerobic  and  psy- 
chrotrophic  bacterial  counts  after  3 and  6 days 
of  storage  were  significantly  (P  < 0.05)  lower 
than  the  initial  counts,  but  the  magnitude  of 
the  differences  was  of  questionable  importance. 
However,  the  counts  increased  significantly  (P 
'?  0.05)  after  9,  12,  15,  and  18  days  of  storage. 


Tabl’s  1. 

Mean  logw 

counts"  of  selected  bacteria  in 

raw  ground  beef  stored  at  -1 

.7  ± 0.6  C 

Storage  day 

Bacteria/g 

Total 

aerobes 

Psychrotrophs 

Coliforms 

E.  coli 

S.  aureus 

C . perfringens 

0 

4.60d" 

4.86cd 

1.70a 

1.24a 

0.74a 

0.22b 

3 

4.48e 

4.59e 

1.47ab 

1. 13ab 

0.67a 

0.45ab 

6 

4.48e 

4.63e 

1.26bc 

1.07ab 

0.52a 

0.46ab 

9 

4.64d 

4.78d 

1.09c 

0.90b 

0.65a 

0.70a 

12 

4.89c 

4.95c 

1.10c 

0.82b 

0.58a 

0.52ab 

15 

5.18b 

5.18b 

1.21bc 

l.OOab 

0.75a 

0.37ab 

18 

5.53a 

5.52a 

1.22bc 

1.04ab 

0.53a 

0.38ab 

" Values  fo-  storage  day  0 are  mean  log,,,  counts  of  16  samples;  all  other  values  are  mean  log,,,  counts  of  24 
samples 

h Values  in  the  same  column  followed  by  different  letters  are  significantly  ( P < 0.05)  different  according  to 
Duncan’s  mu  tiple-range  test  (2). 
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There  was  a 1 log  increase  in  total  aerobes  and 
psychrotrophs  per  gram  of  ground  beef  between 
3 and  18  days  of  storage.  The  initial  mean  log,,, 
coliform  count  in  the  ground  beef  was  1.70/g.  A 
significant  (P  < 0.05)  reduction  in  the  initial 
number  of  viable  coliforms  was  evident  after  6, 
9,  12,  15,  and  18  days  of  storage  at  —1.7  ± 0.6  C. 
Mean  log,,,  counts  of  E.  coli  decreased,  although 
not  significantly,  from  an  initial  count  of  1.24/g 
to  1.04/g  after  18  days  of  storage.  Coagulase- 
positive  S.  aureus  and  C.  perfringens  counts 
did  not  change  significantly  during  storage. 
Figure  1 depicts  graphically  the  effects  of  stor- 
ing ground  beef  at  — 1.7  ± 0.6  C on  the  viability 
of  total  aerobes,  psychrotrophs,  coliforms,  E 
coli,  S.  aureus,  and  C.  perfringens  present  in 
the  meat.  The  appearance  and  odor  of  the  18- 
day-old  ground  beef  chub  packs  further  indi- 
cated that  they  were  edible. 

The  distributions  of  the  bacterial  counts  in 
the  ground  beef  samples  are  shown  in  Tables  2 
and  3.  At  the  time  of  manufacture,  all  of  the 
ground  beef  samples  had  aerobic  plate  counts  of 
10'1  or  fewer/g,  and  94%  of  the  samples  con- 
tained 105  or  fewer  total  aerobic  bacteria/g.  All 
of  the  samples  had  initial  psychrotrophic  bacte- 
rial counts  of  10H  or  fewer/g,  and  50%  contained 
105  or  fewer  psychrotrophs/g.  Total  aerobic  and 


Fig.  1.  Effects  of  storage  at  -1.7  ± 0.6  C for  18 
days  on  the  microbiological  quality  of  ground  beef. 
Values  for  storage  day  0 are  mean  log counts  of  16 
samples;  all  other  values  are  mean  logu , counts  of  24 
samples. 


Table  2 Distribution  of  total  aerobic  and 
psychrotrophic  bacterial  counts  (per  gram)  in  raw 
ground  beef  stored  at  -1.7  ± 0.6  C 


Bacteria 

Storage 

day 

No.  of  samples"  with  bacte- 
rial counts 

>10" 
to  104 

>104 
to  10s 

>105 
to  10" 

>10" 
to  107 

Total  aerobes 

0 

1 

14 

1 

3 

3 

19 

2 

6 

3 

20 

1 

9 

22 

2 

12 

16 

8 

15 

8 

16 

18 

4 

16 

4 

Psychrotrophs 

0 

2 

6 

8 

3 

3 

17 

4 

6 

4 

13 

7 

9 

3 

13 

8 

12 

12 

12 

15 

7 

17 

18 

5 

13 

6 

" Samples  for  each  storage  day  represent  eight 
batches  (4  days  x two  batches)  of  ground  beef. 


psychrotrophic  bacterial  counts  did  not  exceed 
10'7g  until  18  days  of  storage,  when  17%  of  the 
samples  had  total  aerobic  counts  between  10'1 
and  107/g  and  25%  had  psychrotrophic  counts 
between  10H  and  107/g. 

At  the  time  of  manufacture,  81%  of  the  sam- 
ples contained  100  or  fewer  coliforms/g;  94% 
contained  100  or  fewer  E . coli/ g;  and  100%  con- 
tained 100  or  fewer  S.  aureus  and  C.  perfrin- 
gens/g  (Table  3).  By  the  laboratory  methods 
employed  in  this  study,  19%  of  the  samples 
contained  less  than  10  coliforms/g  at  the  time  of 
manufacture;  31%  contained  less  than  10  E. 
coli/g ; 50%  contained  less  than  10  S.  aureus/ g; 
and  81%  contained  less  than  10  C . perfringens/ 
g.  These  counts  either  decreased  or  remained 
relatively  unchanged  throughout  the  storage 
period  (Fig.  1). 

DISCUSSION 

The  Oregon  microbiological  standards  state 
that  fresh  or  frozen  meat  products  should  not 
contain  more  than  5 million  microorganisms/g 
or  50  E . coli/g  (R.  W.  Johnston,  Meat  Industry 
Res.  Conf. , Univ.  of  Chicago,  Chicago,  111.,  20- 
21  March  1975).  None  of  the  ground  beef  sam- 
ples evaluated  in  this  study  exceeded  the  Ore- 
gon standard  for  total  bacterial  counts,  even 
after  18  days  of  storage  at  -1.7  ± 0.6  C.  How- 
ever, 15%  of  the  samples  (seven  production  line 
samples  and  five  3-day,  three  6-day,  one  9-day, 
one  12-day,  four  15-day,  and  three  18-day  chub 
packs)  exceeded  50  E coli/g  The  incidence  and 
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Table  3.  Distribution  of  counts  (per  gram)  of 
selected  bacteria  in  raw  ground  beef  stored  <it  -1 . 7 ~± 
0.6  C 


Bacteria 

Storage 

day 

No.  of  samples0  with  bacte- 
rial counts 

<10' 

10'  to 
TO2 

>102 
to  lO3 

>103  to 
10< 

Coliforms 

0 

3 

10 

3 

3 

10 

7 

6 

1 

6 

10 

11 

3 

9 

13 

9 

2 

12 

15 

6 

3 

15 

14 

5 

4 

1 

18 

14 

4 

6 

E.  co  li 

0 

5 

10 

1 

3 

13 

6 

5 

6 

13 

8 

3 

9 

14 

9 

1 

12 

18 

5 

1 

15 

16 

4 

4 

18 

15 

6 

3 

S.  aureus 

0 

8 

8 

3 

20 

4 

6 

22 

2 

9 

21 

2 

1 

12 

23 

1 

15 

17 

6 

1 

18 

20 

4 

C . perfringens 

0 

13 

3 

3 

21 

3 

6 

19 

5 

9 

20 

1 

2 

1 

12 

19 

4 

1 

15 

22 

2 

18 

22 

1 

1 

" Samples  for  each  storage  day  represent  eight 
batches  (4  days  x two  batches)  of  ground  beef. 


behavior  of  E.  colt , S.  aureus  and  C.  perfrin- 
gens  in  the  ground  beef  used  in  this  study  were 
similar  to  those  previously  published  (3,  4).  The 
increased  interest  in  the  establishment  of  mi- 
crobiological standards  for  meat  products  sug- 
gests that  the  sources  of  those  food-borne  patho- 
gens should  be  studied  further  to  reduce  their 
numbers  in  the  ground  beef  supply. 

Other  investigators  have  reported  that  some 
raw  ground  beef  collected  at  retail  markets 
may  have  high  bacterial  counts.  Rogers  and 
McCleskey  (7)  found  bacterial  counts  in  excess 
of  107/g  in  ground  beef  from  16  of  24  retail 
markets.  Coliform  counts  varied  widely  among 
samples  (20  to  1,100,000/g),  and  no  marked 
correlation  was  noted  between  coliform  and 
plate  counts.  Rao  (6)  reported  that  standard 
plate  counts  were  11,000  to  36,533,000/g  and 
coliform  counts  were  233  to  71,333/g  on  15 


ground  beef  samples  taken  from  a retail 
market.  There  was  no  relationship  between 
coliform  counts  and  plate  counts.  Law  et  al.  (5) 
found  that  the  bacterial  population  of  32  ground 
beef  samples  from  16  retail  stores  varied  from 
1.9  x 106  to  4.6  x 108/g.  Duitschaever  et  al.  (1) 
reported  that  64%  of  213  retail  ground  beef 
samples  had  aerobic  plate  counts  in  excess  of 
107/g  and  some  in  excess  of  10H/g. 

Surkiewicz  et  al.  (8)  conducted  a bacteriologi- 
cal survey  of  raw  beef  patties  collected  from  42 
federally  inspected  establishments.  At  the  time 
of  manufacture,  76%  of  74  sets  of  raw  beef  pat- 
ties had  aerobic  plate  counts  of  10*  or  fewer/g; 
84%  contained  100  or  fewer  coliforms/g;  92% 
contained  TOO  or  fewer  E.  coli/g;  and  85%  con- 
tained 100  or  fewer  S.  aureus/g.  Salmonellae 
were  isolated  from  only  3 (0.4%)  of  735  beef 
patties. 

Our  study  showed  that  by  use  of  proven  sani- 
tary practices  ground  beef  of  good  bacteriologi- 
cal quality  can  be  produced  commercially.  Mod- 
ern advances  in  sanitation  and  refrigeration 
allow  no  excuse  for  high  bacterial  counts  in 
ground  beef  offered  to  the  consumer  at  the  re- 
tail level.  Ground  beef  vs  normally  exposed  to 
refrigerated  temperatures  of  35  to  40  F (1.67  to 
4.44  C)  during  distribution  and  display.  Such 
temperatures  result  in  shorter  generation 
times  for  psychrotrophic  bacteria  (9)  than  the 
temperature  used  in  this  study.  Our  data  indi- 
cate that  meat  processors,  wholesalers,  and  re- 
tailers could  improve  the  bacteriological  qual- 
ity and  prolong  the  shelf  life  of  ground  beef 
packaged  in  oxygen-impermeable  film  if  the 
temperature  of  the  product  never  exceeded 
— 1.7  ± 0.6  C. 
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EVALUATION  OF  BEEF  PATTIES  CONTAINING  SOY  PROTEIN, 
DURING  12-MONTH  FROZEN  STORAGE 


ABSTRACT  

Patties  containing  20  or  30%  of  soy  protein  (textured  or  concentrate) 
were  stored  at  -17°C  and  evaluated  tri-monthly  for  1 yr  for  effects  of 
storage  on  organoleptic  properties  and  chemical  changes.  Textured  soy 
proteins  from  four  manufacturers  and  concentrate  from  two  manufac- 
turers were  tested.  Fat  content  was  about  20%  for  all  patties.  A 52- 
member  panel  of  adults,  from  18-60  yr  of  age,  evaluated  (without 
condiments)  the  12  types  of  patties  with  soy  and  the  all-meat  patties.  A 
13-member  panel  evaluated  the  effects  of  condiments  on  acceptability. 
Chemical  tests  included  proximate  analysis  (ash,  fat,  moisture  and  pro- 
tein), pH,  peroxide  values  and  thiobarbituric  acid  (TBA)  number.  Mean 
scores  for  flavor,  aroma  and  overall  acceptability  of  the  patties  did  not 
change  significantly  during  the  year  of  frozen  storage.  Some  differences 
were  significant  in  scores  for  tenderness,  appearance  and  juiciness,  but 
they  were  too  small  to  be  of  practical  importance.  The  addition  of 
condiments  to  patties  did  not  improve  the  scores  for  appearance  and 
juiciness  but  did  improve  scores  for  flavor,  aroma,  tenderness  and  over- 
all acceptability.  Throughout  the  year,  patties  containing  soy  concen- 
trate at  either  20  or  30%  rated  significantly  lower  than  most  of  the 
patties  containing  textured  soy  protein  and  the  all-beef  patties  when 
evaluated  for  flavor,  appearance,  aroma  and  overall  acceptability. 
Although  compositional  changes  in  patties  were  evident  during  12 
months  of  storage,  their  magnitudes  were  inconsequential.  Peroxide  and 
TBA  values  increased  during  storage  at  a faster  rate  for  all-beef  patties 
than  for  patties  containing  soy  protein.  Some  panelists  were  able  to 
detect  old  or  rancid  condition  in  some  products  during  the  9-  and 
12-month  storage  but  most  payability  traits  were  not  significantly 
different  in  patties  that  had  been  stored  for  up  to  12  months.  Soy 
protein  additives  tended  to  inhibit  rancidity  development. 


INTRODUCTION 

BEEF  PATTIES  are  used  extensively  by  the  Armed  Forces  to 
provide  high  quality  protein  in  a form  that  is  generally  accept- 
able to  civilian  and  military  personnel.  In  order  for  the  Armed 
Forces  to  benefit  from  the  addition  of  soy  protein  to  meat, 
the  resulting  product  has  to  be  capable  of  withstanding 
9-month  frozen  storage  without  adverse  chemical  or  pay- 
ability changes.  Huffman  and  Powell  (1970)  reported  that 
patties  containing  2%  soy  product  were  better  than  patties 
containing  all-beef.  Information  has  not  been  reported  on  ac- 
ceptability of  patties  containing  soy  protein  products  at  20  or 
30%  levels  after  several  months  of  frozen  storage. 

The  objective  of  this  research  was  to  investigate  the  accept- 
ability of  beef  patties  containing  soy  protein  to  persons  of 
military  age.  Interest  was  directed  toward  evaluation  of  patties 
containing  added  soy  protein  at  levels  that  include  present 
upper  limits  of  addition  for  use  by  the  School  Lunch  Program 
(Food  and  Nutrition  Service  Notice  219).  The  influence  of 
condiments  on  the  acceptability  of  cooked  patties  containing 
soy  protein  was  also  evaluated.  A secondary  objective  was  to 
investigate  changes  in  moisture  content,  peroxide  and  TBA 
values  during  frozen  storage  of  beef  patties  containing  soy 
proteins.  The  chemical  composition  of  soy  protein  and  beef 
patties  containing  soy  protein  was  also  investigated. 


EXPERIMENTAL 

Patty  fabrication 

Twelve  lots  of  85g  beef  patties,  six  containing  20%  and  six  contain- 
ing 30%  hydrated  soy  protein,  were  prepared  at  a commercial  meat 
processing  plant  from  textured  vegetable  protein  from  four  manufac- 
turers (A,  B,  C,  D)  and  soy  concentrates  from  two  manufacturers  (E, 
F).  All  soy  proteins  were  dehydrated,  vitamin  enriched  and  contained 
no  flavor  additives,  but  they  differed  in  physical  appearance.  Particle 
size  ranged  from  16—50  mesh  for  brand  F to  2‘/2-9  mesh  for  brand  C. 
Beef  patties  (about  228.6  kg)  containing  hydrated  soy  protein  were 
formulated  for  each  lot  according  to  recommendations  of  the  USDA 
Food  and  Nutrition  Service  Notice  219:  for  the  School  Lunch  Program 
(1971). 

As  a control,  a 453.6  kg  lot  of  all-beef  (80%  lean/20%  fat)  patties 
was  prepared.  Meat  for  producing  all  lots  of  beef  patties  was  obtained 
from  USDA  Good  Grade  triangle  beef  (chuck,  brisket,  plate)  in  ac- 
coraance  with  Military  {specification  Mil-B-00  3§s4f.  In  order  to  main- 
tSI'll  PU I I'biTOUl  HI  dppfbki'rh'ately  20%  in  all 'pat  tie's,  the  beet  lor  formu- 
lating "pat  ties'”' t 'the  '1u‘7o  level  ot  hydrated  soy  protein  contained 
approximately  24%  tat;  whereas,  meat  used  for  fabricating  patties 
having  JO  % hydrated  soy  protein,  initially  contained  approximately 
30‘/r>  tat  The  meal  used  ior  the  all-beel  patties  cofltiilhM  211.3%  tat. 

The  specified  quantity  of  meat  for  each  lot,  as  listed  above,  was 
ground  through  a 2.54  cm  plate.  The  Hobart  fat  tester  and  a chemical 
method  of  Bittenbender  (1970)  were  both  used  for  determination  of 
fat  in  samples  taken  at  random  from  each  lot.  Adjustments  were  made 
on  the  percentage  of  fat  in  each  lot,  by  correcting  with_50/50  trim,  or 
80/20  triangle,  and  fat  determinations  were  again  rrade  to  ensure 
proper  tat  content  Meat_for  all  lots  was  stored  overnignt  in  cooierTto 
maintain  flleat  lemperature  at  — Z to  trtj.  ‘ 

Hydration 

All  soy  proteins  were  hydrated  at  least  10  min  according  to  manu- 
facturer’s suggestions  for  their  particular  product  with  tap  water 
(16°C).  Proportion  of  water  was  1.5:1  for  textured  soy  protein  and 
2.5:1  for  soy  concentrate.  Products  C,  D and  F were  hydrated  in  meat 
trucks  for  about  15  min  in  accordance  with  manufacturer’s  recom- 
mendations. Appropriate  quantities  of  coarse  ground  meat  and  hy- 
drated soy  protein  were  alternately  added  to  a mixer  and  blended  for 
about  3 min.  Products  A,  B and  E were  hydrated  for  10  min  in  the 
mixer  then  meat  was  added  and  the  ingredients  mixed  for  5 min. 

Packaging  and  storage 

Each  lot  of  the  meat-hydrated  soy  protein  mixture  was  ground 
through  a double  screw  3.2  mm  plate  grinder,  then  carried  on  a con- 
veyor to  a Hollymatic  patty  machine  which  formed  the  mix  into  85g 
patties. 

The  patties  were  packed  into  47.6  cm  x 33  cm  x 16.2  cm  boxes 
which  met  Military  requirements  for  overseas  shipment  (Federal  Speci- 
fications: PPP-B-636c  and  GP-378c;  and  Military  Standard- 129E).  In- 
dividual patties  were  separated  by  moisture  vapor  proof  paper.  A sheet 
of  moisture  vapor  proof  paper  was  placed  on  top  of  the  stacks,  and 
another  12  stacks  of  patties  were  added.  The  plastic  liner  was  then 
folded  back  to  cover  those  patties,  and  the  boxes  were  sealed.  Each  box 
contained  168  patties  with  a net  weight  of  14.3  kg.  All  packed  boxes 
were  frozen  in  air  blast  at  -25°C  and  stored  about  3 days  at  -17°C 
until  shipped  to  the  laboratory  for  long  term  storage  at  -17°C  as 
indicated  in  the  experimental  design. 
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BEEF  PATTIES  WITH  SOY  PROTEIN-MAS 


Table  1 — Flavor  of  patties,  without  condiments,  evaluated  by  a 
52- member  consumer  panel8 


Months  storage 

Product 

0 

3 

6 

9 

12 

20%  level 

Textured 

A 

5.5a 

5. 5a  b 

5.6ab 

5. 2a  bed 

5.2ab 

B 

4. 8a  bed 

5.6a 

5.9a 

5.7ab 

5.3a 

C 

5.3ab 

4.5cde 

5.3abc 

5.4abc 

5.5a 

D 

4. 8a  bed 

5.7a 

5.6ab 

5.  Ibcde 

5.5a 

Concentrates 

E 

4.0def 

3.6f 

4.2de 

4.3efg 

3.8c 

F 

4.0def 

4.  Idef 
30% 

4.  Ide 

level 

4.4def 

4.7abc 

Textured 

A 

5.0abc 

4. 9a  bed 

4.8bcd 

5.4abc 

5.5a 

B 

4.5bcd 

4.2def 

4.5cde 

5.2abcd 

4.7abe 

C 

4.7abcd 

5.6ab 

4.9bcd 

4.6cdef 

4.9ab 

D 

4.3cde 

4.7bcde 

4.6cd 

5.3abc 

4.7abc 

Concentrates 

E 

3.6ef 

3.8ef 

3.7e 

3.5g 

4. 3bc 

F 

3.3f 

3.6f 

3.6e 

4.0fg 

3.9c 

All-beef 

5.4a 

5.  labc 

6.0a 

6.0a 

5.6a 

a Values  within  a column  followed  by  the  same  letter  or  letters  were 
not  significantly  different  (P  < 0.05)  according  to  analysis  of  variance 
and  Duncan's  Multiple  Range  Test  (1955).  Each  value  is  based  on  32 
determinations.  Scores  were  based  on  a 9-point  hedonic  scale,  1 — 
poorest,  9 — best. 


Organoleptic  evaluation 

Samples,  selected  randomly  from  each  lot,  were  evaluated  by  a 
panel,  composed  of  52  adults  at  intervals  of  0,  3,  6,  9 and  12  months. 
Patties  were  cooked  from  the  frozen  state  on  a Hotpoint  (230  watt) 
griddle  at  177°C  for  3 min  on  each  side.  This  time-temperature  resulted 
in  the  degree  of  doneness  at  which  the  final  pinkness  at  the  center  of 
the  all-beef  patties  disappeared.  The  patties  were  removed  from  the 
griddle,  quartered,  randomly  placed  on  a plate  according  to  Plan  11.2? 
of  Cochran  and  Cox  (1957),  and  served  to  the  panelists  for  evaluation- 
No  condiments  were  added  to  the  patties.  Discussion  of  patties  by 
panelists  during  evaluation  was  not  permitted.  Panelists  evaluated  each 
quarter  for  tenderness,  flavor,  appearance,  aroma,  juiciness,  and  overall 
acceptability. 

A second  panel  of  13  USDA  employees  was  convened.  The  specific 
objective  of  this  panel  was  to  determine  the  effect  of  condiments  on 
taste  panel  evaluation  of  the  patties.  Consequently,  patties  were  server) 
on  the  first  day  without  condiments  as  in  the  evening  panels,  while 
patties  on  the  second  day  were  cooked  with  monosodium  glutamate, 
salt  and  pepper,  and  served  on  a bun  with  pickles,  mustard  and  catsup; 
cola  and  potato  chips  were  also  given  to  the  panelists.  Cooking,  sam- 
pling and  evaluation  procedures  were  the  same  as  for  the  evening  panel. 

Chemical  analysis  of  patties 

Proximate  analysis  of  patties  from  each  lot  was  conducted  after  0, 
3,  6,  9 and  12  months  storage.  Samples,  selected  randomly,  were  ho- 
mogenized in  a blender  for  2 min  and  prepared  according  to  AOAC 
(23.001)  (1965).  Analyses  were  completed  following  AOAC  procedures 
for  moisture  (23.003),  ash  (29.012),  fat  (23.005),  protein  (23.009), 
and  peroxide  value  (26.024  and  26.025).  In  addition,  the  thiobarbitupc 
acid  test  (TBA)  for  rancidity,  was  conducted  by  a distillation  method 
of  Tarladgis  et  aL  (1960).  The  pH  of  patties  blended  in  distilled  water 
was  determined  with  a Beckman  Expandamatic  pH  Meter. 

RESULTS  & DISCUSSION 

Organoleptic  evaluation  — 52-member  panel 

Patties  without  condiments.  Flavor.  Although  all-beef  pat- 
ties had  the  highest  average  rating,  scores  for  patties  containing 
20%  textured  protein  were  not  significantly  lower  (P  < 0.05). 


Table  2— Appearance  of  patties,  without  condiments,  evaluated  by  a 
52-member  consumer  panel8 


Months  storage 

Product 

0 

3 

6 

9 

12 

20%  level 

Textured 

A 

5.9a 

5.9a 

5.9a 

6.2a 

5.9ab 

6 

5.4ab 

6.  lab 

6.1a 

6.0ab 

5.9ab 

C 

5. Bab 

6.0ab 

5.5ab 

6.  lab 

6.3a 

D 

5.3abc 

5.7ab 

4.7a 

5.8sb 

5.2bcd 

Concentrates 

B 

5.  labq 

4.8de 

4.3bcd 

5. Sab 

5.2bcd 

f 

4.7cd 

5.4bcd 

30%  level 

5.3abc 

5.6ab 

5.4abc 

Textured 

A 

5.5ab 

5. Sab 

5.6a 

6.0ab 

5.6abc 

B 

5.8a 

5.6bc 

5.8a 

5.8ab 

5.9ab 

c 

5. Bab 

6.3a 

5.8a 

6.0ab 

5.6abc 

D 

4.8bcd 

4.9cde 

4.7cd 

5.4bc 

4.5d 

Concentrates 

E 

4.4d 

4.2f 

4.5d 

4. 2d 

4.9cd 

F 

4.7cd 

4.6ef 

4.4d 

4.9c 

4.5d 

AH-beef 

5.7a 

5.5bc 

5.9a 

6.2a 

5.6abc 

a Values  within  a cplumn  followed  by  the  same  letter  or  letters  were 

Spt  significantly  different  (P  <f  0.05)  accordfbg  to  analysis  of  variance 
nc)  Duncan's  Multiple  Range  Test  (1965).  Each  value  is  based  on  32 
determinations.  Scores  were  based  on  a 9-point  hedonic  scale,  1 — 
poorest,  9 — best. 


Scores  for  patties  containing  30%  soy  protein  were  generally 
lower  than  corresponding  patties  with  20%  soy  additives,  but 
the  differences  were  not  always  significant.  In  many  instances, 
patsies  containing  soy  concentrates  were  scored  significantly 
lower  (P  < 0.05)  than  those  containing  textured  proteins 
(Table  1 ). 

Some  panelists  detected  old  or  rancid  flavor  in  the  9-  and 
12-month  patties.  Sessa  (1974)  found  that  phospholipids  in 
soybeans  such  as  phosphatidylcholine  developed  off-flavors 
when  oxidized.  The  coefficient  of  correlation  between  TBA 
values  and  flavor  scores  was  -0.63,  indicating  that  lipid  oxida- 
tion might  have  contributed  tp  flavor  differences. 

Overall,  flavor  was  best  in  the  all-beef  patties,  followed  by 
pa((ies  containing  textured  soy  protein  at  20%,  then  30%.  Soy 
protein  concentrate  patties  at  20%  were  still  less  flavorful  and 
patties  containing  30%  soy  protein  concentrate  were  least  fla- 
yofful.  The  differences  in  acceptability  of  flavor  of  the  13 
types  of  patties  appeared  to  be  similar  for  all  storage  periods. 

Appearance.  Patties  with  30%  soy  protein  were  generally 
scored  lower  than  patties  containing  20%,  but  the  differences 
were  only  significant  for  concentrates  (Table  2).  Patties  con- 
taining tenured  soy  protein  product  D were  rated  consistently 
lower  than  the  other  patties  with  textured  protein,  and  at  the 
30%  level  of  addition  to  patties  the  difference  was  significant 
(P  < 0.05).  Patties  with  soy  concentrates  were  significantly 
lovyer  (P  < p.05)  than  patties  with  textured  soy  protein.  Parti- 
cle Size,  again,  might  be  a factor  in  the  lower  scores  for  con- 
centrates, which  were  finer  and  gave  the  patty  a grainy  ap- 
pearance. 

Aromp.  Arom^  of  patties  containing  textured  soy  proteins 
vgped  little,  even  between  30%  and  20%  (Table  3).  Patties 
containing  concentrates  usually  scored  lower  in  aroma  than 
featured  and  all-beef  patties.  This  difference  was  often  signifi- 
cant (P  < 0.05)  when  patties  contained  30%  concentrate.  Pat- 
ties with  20%  concentrate  sometimes  scored  significantly 
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Table  3— Aroma  of  patties,  without  condiments,  evaluated  by  a 
52-member  consumer  panel8 


Table  4—  Juiciness  of  patties,  without  condiments,  evaluated  by  a 
52- member  consumer  panel® 


Months  storage 


Product 

0 

3 

6 

9 

12 

20%  level 

Textured 

A 

6.0a 

5.7ab 

5.7a 

5.7a 

5.9a 

B 

5.3abcdef 

5.6ab 

6.1a 

5.7a 

5. Bab 

C 

5.9ab 

5.6ab 

5.7a 

5.8a 

6.0a 

D 

5.6abc 

5.7ab 

5.6a 

5. Bab 

5.6ab 

Concentrates 

E 

4.8def 

5.1bc 

4.7bc 

5.3ab 

4.7cd 

F 

4 8def 

5.1  be 

4.9bc 

4.9bc 

5.0bcd 

30%  level 

Textured 

A 

5.2bcdef 

5.4ab 

5.5ab 

5.7a 

5.9a 

B 

5.5a  bed 

5.2abc 

5.4ab 

5.7a 

5.7ab 

C 

5.4abcde 

5.9a 

5.8a 

5.5ab 

5.5ab 

D 

5.0cdef 

5.2bc 

5.4ab 

5.5ab 

5.0bcd 

Concentrates 

E 

4.9cdef 

3.9d 

4.4c 

4. 2d 

B.Obcd 

F 

4.6f 

4.5cd 

4.4c 

4.3cd 

4.5d 

All-beef 

5.5abcd 

5.3ab 

6.0a 

6.0ab 

5.4abc 

* Values  within 

a column  followed  by  the 

same  letter  or  letters  were 

not  significantly  different  (P  < 0.05)  according  to  analysis  of  variance 

and  Duncan’s 

Multiple  Range  Tost  (1955) 

Each 

value  is  based  on  32 

determinations.  Scores  were 

based  on  a 9-point 

hedonic 

scale,  1 — 

poorest,  9 — best. 


Months  storage 


Product 

0 

3 

6 

9 

12 

20%  level 

Textured 

A 

5.6a 

5. 1 ede 

5.6ab 

5.0bc 

5.4ab 

B 

4.7bcde 

5.3bcd 

5.4ab 

5.2bc 

5.2abc 

C 

B.Oabcd 

4.9de 

5.7a 

5.3bc 

5.  Sab 

D 

4.7bcde 

6.0ab 

5.1  abc 

4.8bcd 

4.8bcd 

Concentrates 

E 

4.3def 

4.5ef 

4.6cd 

4.6cd 

4.3d 

F 

4.2ef 

4.4ef 

3.8e 

4. 7 bed 

5.1  bed 

30%  level 


Textured 


A 

5.1  abc 

5.8abc 

5.6a 

6.1a 

6.0a 

B 

5. 1 abc 

5.8abc 

5.3abc 

5.5ab 

5.4ab 

C 

5.0abcd 

6.1a 

5.7a 

5.3bc 

5.6ab 

D 

5.2ab 

5.4abcd 

4.9bc 

5.0bc 

5.6ab 

Concentrates 

E 

3.7f 

4.3ef 

4.8bc 

4.7bcd 

4.5cd 

F 

3.6f 

4.0f 

4.0de 

4. 2d 

4.3d 

All-beef 

4.3def 

4.8de 

4.9bc 

4.7bcd 

5.  Sab 

a Values  within  a column  followed  by  the  same  letter  or  letters  were 
not  significantly  different  (P  < 0.05)  according  to  analysis  of  variance 
and  Duncan's  Multiple  Range  Test  (1955).  Each  value  is  based  on  32 
determinations  Scores  were  based  on  a 9-point  hedonic  scale,  1 — 
poorest,  9 — best. 


lower  (P  < 0.05)  in  aroma  than  textured  or  all-beef  patties. 

Juiciness.  Patties  containing  textured  soy  protein  consis- 
tently appeared  to  be  more  juicy  than  the  all-beef  patties  <?r 
the  patties  with  concentrates.  Differences  between  all-beef  and 
soy  concentrate  patties,  though  sometimes  significant,  were 
not  of  sufficient  magnitude  to  be  meaningful  (Table  4). 

Tenderness.  Patties  with  30%  textured  protein,  then  20%, 
had  the  highest  scores,  followed  by  concentrates  at  30%  then 
20%  (Table  5).  ALi-beef  patties  had  the  lowest  average  rating 
(4.1).  The  most  desirable  degree  of  tenderness  might  have  been 
exceeded  with  the  addition  of  the  higher  levels  of  soy  protein. 
In  some  instances  the  patties  became  too  crumbly  and  though 
evaluated  as  being  tender  would  be  rated  lower  in  accept- 
ability. 

These  data  suggest  that  cooking  losses  differed  between  pat- 
ties, since  all-beef  patties  were  observed  to  shrink  more  than 
patties  containing  soy  additivies.  Judge  et  al.  (1974)  reported 
that  shrinkage  in  patties  was  substantially  reduced  by  soy  ad- 
ditives. The  effect  of  soy  additives  on  cooking  losses  was  also 
reported  by  Kotula  and  Rough  (1975)  and  Drake  et  al.  ( 1 975). 

Overall  acceptability.  All-beef  patties  and  patties  with  tex- 
tured soy  protein  usually  were  rated  significantly  higher  (P  < 
0.05)  than  patties  with  concentrates  (Table  6).  On  the  average, 
patties  with  30%  soy  protein  were  scored  lower  than  the  cor- 
responding patty  with  20%  soy  protein,  but  the  differences 
were  not  always  significant  (P  < 0.05).  Though  some  panelists 
were  able  to  detect  old  condition  rancidity  in  beef  patties  after 
9 and  12  months  storage,  the  all-beef  patties  were  rated  about 
as  good  as,  or  better  than  the  other  patties  tested. 

The  effect  of  storage  on  organoleptic  quality.  Average  tri- 
monthly scores  for  palatability  traits  are  summarized  in  Table 
7.  None  of  the  traits  rated  decreased  in  score.  This  supports 
chemical  data  which  demonstrated  no  important  chemical 
decomposition  during  the  year  of  storage.  Although  TEA 
values  steadily  increased  with  storage,  only  a few  panelists 


could  detect  rancidity  in  the  cooked  patties.  Six  panelists 
reported  on  old  or  rancid  flavor  in  patties  stored  12  months.  A 
few  panelists  evaluating  the  patties  after  9 months  commented 
that  the  patties  had  exceeded  their  shelf  life.  Scores  for  some 
traits  increased  during  storage. 

Organoleptic  evaluation  — 13-member  panel 

Effects  of  condiments  on  palatability  traits  of  patties  are 
presented  in  Table  8.  Scores  for  flavor,  aroma,  tenderness  and 
overall  acceptability  were  significantly  higher  for  patties  served 
with  condiments  than  patties  served  without.  Differences  in 
appearance  were  not  significant  (P  < 0.05).  Scores  for  juiciness 
were  somewhat  lower  for  patties  served  with  condiments,  pos- 
sibly because  the  bun  absorbed  the  juices. 

Chemical  analyses  of  soy  proteins 

The  chemical  composition  of  the  soy  protein  products 
(Table  9)  was  similar  to  that  reported  by  Batcher  et  al.  (1971). 
However,  ash,  crude  fiber,  fat  and  protein  appear  higher  be- 
cause these  values  are  reported  on  a moisture  free  basis.  If 
reported  on  a moisture  present  basis  the  percent  protein  for 
products  A through  F would  be  53.82,  49.47,  49.90,  52.16, 
65.10,  and  64.52  respectively. 

Chemical  analyses  of  fabricated  patties 

Fabricated  patties  were  analyzed  tri-monthly  to  ensure  that 
pattie?  evaluated  for  palatability  and  acceptance  by  the  panels 
were  substantially  the  same  in  proximate  composition 
throughout  the  evaluation  periods.  The  analyses  also  provide 
input  into  the  nutritional  data  bank. 

Ash.  Patties  containing  concentrated  soy  protein  and  all- 
beef patties  generally  had  lower  ash  contents  than  patties  con- 
taining textured  soy  products  (Table  10).  Ash  content  was 
hjgher  in  patties  with  30%  soy  protein  than  in  those  with  20%. 
This  simply  reflected  the  increase  in  soy  protein,  which  had  a 
higher  concentration  of  ash  than  the  beef  which  the  protein 
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Table  5— Tenderness  of  patties,  without  condiments,  evaluated  by  a 
52-member  consumer  panel® 


Months  storage 

Product 

0 

3 

6 

9 

12 

20%  level 

Textured 

A 

6.3a 

5.3bcd 

5.6abc 

5.4bc 

5.4bcd 

B 

4.8d 

5.4bcd 

5.8abc 

5.3bcd 

4.7ef 

C 

5.3bc 

5.8ab 

5.7abc 

5.0cd 

5.2bcde 

D 

4.8cd 

5.7abc 

5. 6a  be 

5.1bcd 

4.8def 

Concentrates 

E 

4.6d 

5.2b  cd 

4.7de 

4.8cd 

4.9cdef 

F 

4.5de 

4.2e 

30%  level 

4.1  e 

4.6de 

4.6ef 

Textured 

A 

5. Sab 

5.9ab 

6.3ab 

6.2a 

6.4a 

B 

6.0ab 

6.4a 

6.4a 

6.5a 

6.0ab 

C 

6.1a 

6.4a 

6.1abc 

5. led 

5.7abcd 

D 

5.9ab 

6.5a 

5.4cd 

5.9ab 

5.8abc 

Concentrates 

E 

5. Sab 

5.0cd 

5.8abc 

5.0cd 

5.2bcde 

F 

4.8cd 

4.6de 

4.7de 

4.1ef 

4. If 

All-beef 

3.8e 

4.1e 

4.6de 

3.5f 

4.3f 

a Values  within  a column  followed  by  the  same  letter  or  letters  were 
not  significantly  different  (P  < 0.05)  according  to  analysis  of  variance 
and  Duncan's  Multiple  Range  Test  (1955).  Each  value  is  based  on  32 
determinations.  Scores  were  based  on  a 9-point  hedonic  scale,  1 — 
poorest,  9 — best. 


Table  6— Overall  acceptability  of  patties,  without  condiments,  evalu- 
ated by  a 52-member  consumer  panel® 


Months  storage 

Product 

0 

3 

6 

9 

12 

20%  level 

Textured 

A 

5.1a 

5.1a 

5. 4a  be 

5.0a 

5.0ab 

B 

4. 5a  be 

5.0ab 

5.7a 

5.2a 

5.0ab 

C 

5.0a 

4.6abc 

5.0abc 

4.8ab 

5.4a 

D 

4.7a 

5.3a 

4.9abc 

4.7ab 

4.8abc 

Concentrates 

E 

3.8cd 

4.0cd 

3.9d 

4.0bcd 

3.9cd 

F 

3.8cd 

4.0cd 

30%  level 

3.9d 

4.4abc 

4.2bcd 

Textured 

A 

4.6ab 

4.6abc 

4.7bc 

5.1a 

5.4a 

B 

4.7a 

4. led 

4.7bc 

5.1a 

4.5abcd 

C 

4.3abc 

5.1a 

4.8bc 

4.5abc 

4.3bcd 

D 

3.9bcd 

4.2bcd 

4.7bc 

4.9a 

4.4abcd 

Concentrates 

E 

3.5d 

3.7d 

3.5d 

3.3d 

3.8d 

F 

3.4d 

3.7d 

3.4d 

3.7cd 

3.8d 

All-beef 

5.0a 

4.7abc 

5.5ab 

5.1a 

5.  lab 

a Values  within  a column  followed  by  the  same  letter  or  letters  were 
not  significantly  different  (P  < 0.05)  according  to  analysis  of  variance 
and  Duncan's  Multiple  Range  Test  (1955).  Each  value  is  based  on  32 
determinations.  Scores  were  based  on  a 9 point  hedonic  scale,  1 — 
poorest,  9 — best. 


replaced.  Based  on  data  collected  over  all  months,  ash  content 
ranged  from  0.86%  (F-20%)  to  1.39%  (A-30%),  and  probably 
had  no  effect  on  palatability  traits. 

Fat.  During  fabrication  of  patties,  an  attempt  was  made  to 
maintain  fat  content  relatively  constant  at  20.5%  in  all  patties. 
However,  on  analyses  of  patties  (Table  10)  fat  content  over  all 
months  ranged  from  18.37%  (F-30%)  to  23.41%  (E-20%). 
These  variations  were  attributed  to  differences  between  and 
within  lots  of  beef  used  in  formulation  of  the  patties.  More 
precise  control  of  fat  content  in  the  patties  was  not  possible 
under  the  commercial  conditions  used  in  the  study.  We  did  not 
analyze  each  patty  served  to  the  panelists,  therefore,  we  can- 
not indicate  with  certainty  that  the  magnitude  of  the  fat  con- 
tent fluctuations  did  not  affect  palatability  traits. 

Moisture.  Patties  containing  soy  concentrates  had  a higher 
average  content  of  moisture  than  the  patties  with  textured  soy 
(Table  10).  This  was  expected  because  large  volumes  of  water 
were  used  to  hydrate  the  concentrates  in  accordance  with 
normal  usage.  Moisture  content  over  all  months  ranged  from 
54.77%  (B-30%)  to  61.41%  (F-30%). 


Protein.  Protein  content  (Table  10)  was  relatively  constant 
over  all  patties  and  ranged  from  16.70%  (C-30%)  to  18.05% 
(all-beef). 

pH  The  patties  containing  20  or  30%  soy  protein  in  general 
had  a slightly  higher  pH  than  the  all-beef  or  the  patties  from 
Brand  F-Soy  (Table  10).  However,  even  when  these  differences 
were  significant,  the  magnitude  of  the  difference  was  of  no 
immediate  importance.  The  minimum  value  was  5.52  (F-30%); 
the  maximum  value,  6.25  (B-30%).  Except  for  product  F,  all 
patties  containing  soy  protein  had  a higher  pH  than  the  all- 
beef patties. 

TBA  number.  Concentrations  of  malonaldehyde,  as  an 
index  of  rancidity  in  the  patties,  are  shown  in  Table  1 1.  The 
highest  initial  value  was  recorded  for  all-beef  patties  followed 
by  product  F-30%  and  20%;  the  lowest  was  0.5  for  B-30%. 
Values  for  all  months  ranged  from  0.47  to  5.47  (mg  malon- 
aldehyde/ 1 OCKg  sample).  Differences  in  TBA  number  could  not 
be  explained  by  classification  of  data  into  textured  and  con- 
centrates, or  20%  and  30%. 

Lecithin,  a long  established  antioxidant,  is  often  added 


Table  7— Effect  of  storage  on  organoleptic  traits  of  all  frozen  patties,®  evaluated  by  a 52-member  panel 


Month  in 

storage 

Flavor 

Appearance 

Aroma 

Juiciness 

Tenderness 

Overall  acceptability 

0 

4.6b 

5.2b 

5.3a 

4,6b 

5.3ab 

4.3b 

3 

4.7ab 

5.4ab 

5.2a 

5.1a 

5.4ab 

4.5ab 

6 

4.8a 

5.4ab 

5.4a 

5.0a 

5.5a 

4.6a 

9 

4.9a 

5.7a 

5.4a 

5.0a 

5.1b 

4.6a 

12 

4.9a 

5.4b 

5.4a 

5.2a 

5.2b 

4.6a 

Values  within  a column  followed  by  the  same  letter  or  letters  were  not  significantly  different  (P  < 0.05)  according  to  analysis  of  variance  and 
Duncan's  Multiple  Range  Test  (1955).  Each  value  is  based  on  512  observations.  Scores  were  based  on  a 9-point  hedonic  scale,  1 — poorest,  9 — 
best. 
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Table  8— Influence  of  condiments  on  acceptability  of  patties,  evaluated  by  a 13-member  panel8 


Flavor 

Appearance 

Aroma 

Juiciness 

Tenderness  Overall  acceptability 

Without  condiments 

4.3b 

5.3a 

5.0b 

4.9a 

4.7b  4.2b 

With  condiments 

5.0a 

5.1a 

5.4a 

4.4b 

5.3a  4.8a 

a Values  with  a column  followed  by  the  same  letter  or  letters  were  not  significantly  different  (P  < 0.05)  according  to  analysis  of  variance  and 

Duncan's  Multiple  Range 

T est  ( 1 955).  Each 

value  was  based  on 

520  evaluations.  Scores  were  based  on  a 9-point  hedonic  scale,  1 — poorest,  9 — 

best. 

Table  9- 

■Soy  protein  composition 

a 

Soy  product 

Particle  size 
(mm) 

Moisture 

(%) 

Ashb 

(%) 

Crude  fiberb 
(%) 

Fatb 

(%) 

Protein  b 
(%) 

Textured 

A 

4.76 

5.84  t 0.01 

6.96  ± 0.05 

3.09  ±0.13 

0.61  ± 0.025 

57.16  ± 0.26 

B 

6.35 

8.13  ± 0.09 

6.37  ± 0.02 

2.72  ± 0.01 

0.92  ± 0.002 

53.85  ± 0.42 

C 

12.70 

8.43  ± 0.01 

6.23  ± 0.13 

3.55  ± 0.09 

0.49  ± 0.006 

54.49  ± 0.39 

D 

12.70 

7.46  ± 0.08 

6.97  ± 0.05 

4.49  t 0.38 

0.24  ± 0.020 

56.36  ± 0.38 

Concentrates 

E 

1.57 

7.08  ± 0.01 

6.31  ± 0.05 

6.65  ± 0.31 

0.27  ± 0.009 

70.06  ± 0.41 

F 

2.37 

6.68  ± 0.02 

4.04  ± 0.04 

6.20  ± 0.08 

0.35  ± 0.003 

69.14  ± 0.48 

a Mean  and  standard  error  of  duplicate  samples 
b Calculated  on  a moisture  free  basis 


after  fat  extraction  in  the  fabrication  of  soy  protein  and  may 
be  a major  factor  in  differences  in  fat  stability  between  prod- 
ucts. Furthermore,  variations  in  manufacturing  procedures 
might  affect  the  stability  of  the  natural  lecithin  present  in  the 
soy  product.  Stevens  et  al.  (1970)  suggested  that  in  soybeans, 
lipoxygenase  catalyzes  oxidation,  by  molecular  oxygen,  of  ci?- 
methylene  interrupted  unsaturated  fatty  acids  and  their  esters 
to  respective  hydroperoxides.  Maga  and  Johnson  (1972) 
reported  40%  less  polyunsaturated  fatty  acids  in  soybean  miik 
prepared  by  cold,  than  by  hot  extraction  procedures.  Fujimaki 
and  co-workers  (1966)  stated  that  the  following  chemical  and 
physical  factors  can  accelerate  lipid  degradation  in  soy  protein 
during  fabrication:  decomposition  of  natural  antioxidants; 
content  of  metal  catalysts;  increased  surface  area,  atmospheric 
oxygen,  and  humidity.  Sessa  et  al.  (1969)  concluded  that  some 
lipid  degradation  occurred  in  the  preparation  of  defatted 
flakes  and,  more  importantly,  that  characteristic  soybean  off- 
flavors  were  closely  associated  with  certain  lipids  and  their 
decomposition  products.  Bowers  and  Engler  (1975)  also  re- 
ported some  antioxidant  effects  of  soy. 

Peroxide  value.  Peroxide  values  of  the  patties  are  shown  in 
Table  12.  Over  all  months  the  highest  peroxide  value  was 
11.79  meq/kg  sample  (F-30%),  while  the  lowest  was  0.844 
(D-30%).  Peroxide  content  was  greatest  in  ail-beef  patties  and 
F-30%  as  in  the  TBA  analysis.  The  correlation  between  overall 
TBA  and  peroxide  values  was  R = 0.46  and  a coefficient  of 
determination  of  r2  =0.21,  indicating  a rather  poor  relation- 
ship between  the  two  procedures. 

Recently,  use  of  tests  for  peroxides  has  been  limited  due  to 
the  strictly  empirical  nature  of  the  methodology.  Further- 
more, the  literature  reports  that  although  peroxide  number 
may  indicate  lipid  quality  in  early  stages  of  deterioration;  it 
becomes  less  reliable  as  oxidation  proceeds  because  of  degrada- 
tion of  peroxides  into  many  secondary  products,  including 
aldehydes,  ketones,  alcohols  and  hydrocarbons.  The  glycerid^ 
structure  of  the  lipid  also  affects  the  peroxide  value  during 
oxidation.  Triglycerides,  such  as  those  found  in  soybeans,  con- 
tain large  quantities  of  polyunsaturated  fatty  acids  (linoleig 
and  linolenic)  and  have  high  initial  peroxide  contents.  In  our 
tests  the  color  change  during  titrations  was  not  distinct. 


making  determinations  rather  difficult.  Although  this  informa- 
tion certainly  places  considerable  doubt  on  the  data  as  being 
an  actual  representation  of  peroxide  content  and  extent  of 
lipid  oxidation,  it  was  noted  that  the  higher  values  for  per- 
oxide were  obtained  on  all-beef  and  F-30%  patties  as  was  the 
case  for  the  TBA  test.  Raekis  et  al.  (1972)  reported  the  pres- 
ence of  peroxidases  in  maturing  soybeans,  but  these  have  not 
been  investigated  in  relation  to  their  effect  on  soy  protein 
products. 


Table  10— Composition  of  patties® 


Product 

Ash 

(%) 

Fat 

(%) 

Moisture 

(%) 

Protein 

(%) 

pH 

Textured 

20%  level 

A 

1.21c 

21.09def 

56.04gh 

17.98a 

&11e 

B 

1.1 7d 

19.36h 

58.25c 

1 7. Slab 

6.1  Is 

C 

1 . 1 1 e 

22. 39 be 

56.44fg 

1 7.33bc 

6.07f 

D 

1.07f 

21.47def 

56.87ef 

1 7.25bc 

6JQef 

Concentrates 

E 

0.98g 

23.41a 

57.38de 

16.90cd 

ai5d 

F 

0.86h 

20.48g 
30%  level 

60.04b 

1 7.42bc 

5.61  h 

Textured 

A 

1.39a 

21.45ef 

55.51  hi 

1 7.52ab 

&23ab 

B 

1.27b 

21.98cd 

54.77j 

1 7.40bc 

6.25a 

C 

1.23c 

22.83b 

55. 1 9ij 

16.70d 

6.21  be 

D 

1.28b 

21 ,67de 

55.73hi 

1 7.54ab 

6. 18od 

Concentrates 

E 

1.04f 

22.19bc 

57.52d 

1 7.40bc 

6.24ab 

F 

0.89h 

1 8. 37  i 

61.41a 

1 7.65ab 

5.521 

All-beef 

0.88h 

20.98f 

59.57b 

18.05a 

5.88g 

4 Values  within  a column  followed  by  the  same  letter  or  letters  were 
not  significantly  different  (P  < 0.05)  according  to  the  analysis  of 
variance  and  Duncan's  Multiple  Range  Test  (1955). 
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Table  1 1— Concentration  of  malonaldehyde  as  determined  by  thio 
barbituric  acid  test®  in  patties  during  — 17°C  storage 


Months  storage 

b 

Prod  uct 

0 

3 

6 

9 

12 

20%  level 

Textured 

A 

0.78ef 

1.42fg 

1.92def 

2.25de 

3.31b 

B 

0.71  ef 

1.02gh 

1.40f 

1.46g 

2.93bc 

C 

1.22cde 

1.60ef 

2.26de 

1 .84f 

2.85bcd 

D 

0.93def 

1.88cdef 

1.96def 

2.40d 

2.42de 

Concentrates 

E 

1.55bc 

2. 1 3cd 

2.38d 

2.00ef 

2.14ef 

F 

1.54bc 

2.28c 
30%  level 

3.39c 

5.00b 

5.04a 

Textured 

A 

0.76ef 

1.44fg 

1.72ef 

1.69fg 

2.52cde 

B 

0.47f 

0.61  h 

0.73g 

0.90h 

1.43g 

C 

1 09cde 

1.48fg 

1.59f 

1 - 72f  g 

1.91  f 

D 

1 ,39cd 

2.05cde 

2.47d 

2.38d 

2.81  cd 

Concentrates 

E 

1.08cde 

1.68def 

1.99def 

1.94f 

2.24ef 

F 

2.03b 

2.73b 

4.15b 

4.40c 

5.13a 

All-beef 

4.03a 

4.07a 

5.47a 

5.39a 

4.84a 

a mg/kg  sample 

b Values  within  a column  followed  by  the  same  letter  or  letters  were 
not  significantly  different  (P  < 0.05)  according  to  analysis  of  variance 
and  Duncan's  Multiple  Range  Test  (1955). 


Effect  of  box  location  on  variables  studied 

Average  values  for  ash,  fat,  moisture,  protein,  pH,  TBA  and 
peroxide  value  of  samples  taken  from  the  tops  and  bottoms  of 
boxes,  for  all  months  of  storage  were  determined.  Only  the 
6-month  values  showed  any  significant  difference  (moisture, 
TBA)  between  box  location.  However,  combined  analyses  over 
all  months  indicated  samples  from  the  top  had  significantly 
less  moisture  content  and  significantly  higher  TBA  and  per- 
oxide values  when  compared  to  corresponding  patties  from  the 
bottom  of  the  boxes.  The  magnitude  of  these  differences, 
however,  was  too  small  to  be  of  consequence. 

CONCLUSIONS 

A CONSUMER  PANEL  did  differentiate  between  patties  con- 
taining textured  soy  protein  or  concentrate  when  compared  to 
all  meat  patties.  Patties  containing  20%  textured  soy  protein 
were  rated  about  equal  to  all-beef  patties.  Patties  containing 
soy  concentrate  at  either  20%  or  30%  or  patties  with  textured 
soy  protein  at  30%  were  less  desirable  than  the  all-beef  patties. 
Brand  differences  were  evident  among  the  textured  soy  pro- 
tein and  also  between  the  soy  concentrate.  When  patties  con- 
taining soy  were  served  to  a panel  with  condiments,  accept- 
ability increased.  Thus,  some  brands  of  textured  soy  protein 
can  be  added  at  the  20%  level  as  an  adjunct  to  ground  meat 
without  detection  or  adverse  reaction  by  consumers. 

The  development  of  rancidity  during  12-month  storage  at 
0°C,  as  measured  by  the  TBA  test,  was  less  for  patties  con- 
taining soy  protein  than  for  the  all-beef  patties.  The  Armed 
Forces  and  others  requiring  a 9-month  frozen  shelf  life  can 
thus  take  ad  van  (age  of  the  benefit  of  adding  soy  protein  to 
beef  patties  without  experiencing  an  inordinate  rate  of  ran- 
cidity development. 
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Table  12— Peroxide  values®  of  patties  during  — 17°Cstorage 


Months  storageb 


Product 

0 

3 

6 

9 

12 

20%  level 

Textured 

A 

2.73b 

1.05c 

2.1  7cde 

1.62d 

4.06cd 

B 

2.49b 

1.04c 

1 66e 

1.52d 

2.22de 

C 

2.10b 

2.64a 

2.60cd 

3.14a 

3.37cde 

D 

Concentrates 

2.02b 

0.86c 

1.79de 

1.45d 

4.38c 

E 

2.51b 

1.06c 

1.75e 

1 ,8bbcd 

2.04e 

F 

2.39b 

2.31a 
30%  level 

5.33b 

2.78a 

8.66b 

Textured 

A 

2.11b 

1,33bc 

2.71c 

1.58d 

2.31de 

B 

2.53b 

1.32bc 

1.81de 

2.21b 

2.34de 

C 

2.41b 

2.68a 

2.23cde 

1.7  led 

2.20de 

D 

Concentrates 

2.55b 

0.84c 

2.1 4cde 

1.53d 

2.45de 

E 

2.79b 

1.64b 

1.57e 

2.07bc 

3.56cde 

F 

4.36a 

2.63a 

7.88a 

2.96a 

11.79a 

All-beef 

2.05b 

1.80b 

4.88b 

2.06bc 

7.32b 

a Meq  peroxide/kg  sample 

b Values  within  a column  followed  by  the  same  letter  or  letters  were 
not  significantly  different  (P  < 0.05)  according  to  analysis  of  variance 
and  Duncan's  Multiple  Range  Test  (1955). 
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USE  OF  MECHANICALLY  DEBONED 


ABSTRACT  

Payability  of  cooked  patties  from  seven  formulations  of  ground  beef 
patties  containing  0 — 30%  of  added  mechanically  deboned  beef  was 
characterized.  Frozen  patties  were  broiled  9 min  on  an  electric  grill  at 
230°C  to  a “medium”  degree  of  doneness  and  served  to  a 7-member 
trained  panel.  Mean  panel  ratings  for  overall  acceptability  were  greater 
for  patties  containing  5,  10,  15  and  20%  MDB  than  for  the  control  (0% 
MDB).  Patties  containing  25  and  30%  MDB  had  significantly  lower 
flavor  and  acceptability  ratings  than  control.  As  the  percentages  of 
added  MDB  increased,  panel  ratings  for  tenderness  and  juiciness  in- 
creased. The  amount  of  detectable  connective  tissue  decreased  signifi- 
cantly as  the  percentage  of  added  MDB  increased. 


INTRODUCTION 

THE  USD  A MP1  Bull.  865  (USD  A,  1974),  providing  for  the 
preparation,  labeling  and  distribution  of  mechanically  deboned 
red  meat,  has  provided  means  for  the  possible  use  of  large 
amounts  of  protein  previously  not  recovered  as  a food-grade 
product.  It  is  estimated  that  737  million  pounds  of  beef,  374 
million  pounds  of  pork  and  19  million  pounds  of  lamb  and 
mutton  could  become  available  for  human  consumption  each 
year  by  use  of  this  process  (Pietraszek,  1975).  The  technology 
of  production  and  the  characterization  of  mechanically  de- 
boned meats  have  been  studied  by  Field  et  al.  (1974a,  b,  c); 
Field  and  Riley  (1974)  and  Field  (1974).  Mechanically  de- 
boned meats  may  be  produced  from  whole  carcasses  or  from 
the  partially  cleaned  bones  from  a hand  boning  operation. 

A recent  proposal  by  the  U.S.  Department  of  Agriculture 
(USDA,  1976)  stipulated  certain  requirements  for  the  use  of 
mechanically  deboned  meat.  This  proposal  would  not  allow 
mechanically  deboned  meat  to  be  used  in  ground  beef, 
chopped  beef  or  hamburger  but  would  allow  it  in  beef  patties. 
The  feasibility  of  using  mechanically  deboned  meat  in  ground 
beef  patties  has  not  been  studied  in  detail.  The  effects  of 
mechanically  deboned  meat  on  the  sensory  properties,  storage 
stability,  and  composition  of  ground  beef  patties  have  not 
been  documented.  The  objective  of  this  study  was  to  evaluate 
the  effects  of  various  levels  of  mechanically  deboned  meat  on 
palatability  and  cooking  properties  of  ground  beef  patties. 

EXPERIMENTAL 

Meat  formulations 

The  seven  formulations  of  ground  beef  that  were  tested  are  defined 
in  Table  1.  Raw  meat  materials  were  obtained  from  U.S.  Utility  tri- 
angles (chuck,  foreshank,  brisket  and  plate)  and  U.S.  Choice  plates  that 
were  fabricated  for  the  AA  USDA  school  lunch  program  under  the 
supervision  of  a USDA  meat  grader  (USDA,  1973).  Coarse  ground  sam- 
ples were  randomly  selected  throughout  the  daily  production  (150,000 
lb)  until  a sufficient  quantity  for  the  formulations  was  obtained. 

All  hand  boned  meat  was  ground  through  a 1.90  cm  plate  with  a 
Weiler  grinder.  Mechanically  deboned  beef  (MDB)  was  obtained  from  a 
mixture  of  necks,  backs,  ribs  and  pelvic  girdle  of  U.S.  Utility  grade  beef 
carcasses  that  had  been  manually  boned.  These  bones  were  passed 
through  a bone  cutter  into  a model  AU  4171  Beehive  boning  machine 
equipped  with  a cylinder  having  0.46  mm  diameter  holes.  Deboned 
meat  was  boxed,  quick  frozen  and  stored  at  34cC  for  subsequent 

1 Livestock  Division,  AMS,  USDA,  Washington,  l)C  20260 

’Texas  Agricultural  Experiment  Station,  Texas  A & M University, 
College  Station,  TX  77840 

* Statistical  Services,  AMS,  USDA,  Wash  inn  ton,  DC  20260 
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analysis  and  product  formulation.  Prior  to  formulation,  the  frozen 
MDB  was  ground  through  a 1.90  cm  plate  with  a Weiler  grinder  and 
stored  at  -30°C. 

For  each  formulation,  appropriate  amounts  of  coarse  ground  beef 
and  MDB  were  mixed  for  3-4  min  in  a Chemetron  mixer.  During 
mixing,  C02  snow  was  injected  twice  in  order  to  maintain  an  internal 
temperature  of  7°C  or  less.  Following  mixing,  three  random  samples 
were  taken  for  fat  analysis  with  the  Hobart  fat  testing  apparatus.  Addi- 
tional fat  or  lean  from  U.S.  Choice  plates  was  mixed  into  the  formula- 
tion to  adjust  the  fat  content  to  about  23%. 

The  individual  batches  were  ground  through  a 0.32  cm  plate  with  a 
Weiler  grinder.  One  hundred  patties  (1 14g  in  weight  and  0.95  cm  thick) 
per  formulation  were  formed  with  a Hollymatic  Model  500  patty  ma- 
chine. During  processing  the  product’s  internal  temperature  did  not 
exceed  7°C.  The  remaining  product  from  each  treatment  was  stuffed 
into  0.90  kg  “Keeper  Casings”  via  a VeMag  Pump  (Model  43).  The  0.90 
kg  packages  and  patties  were  boxed  separately  and  placed  in  a — 45°C 
blast  freezer  for  48  hr  and  subsequently  stored  at  -30°C  until  shipment 
from  Miami,  FL  to  Beltsville,  MD. 

Chemical  analysis 

The  MDB  and  five  patties  from  each  formulation  were  analyzed  for 
calcium  by  atomic  absorption  spectrophotometry  as  outlined  by  Per- 
kin-Elmer  Corp.  (1964).  Essential  amino  acids  were  determined,  as  per- 
cent of  total  protein  (except  hydroxyproline,  tryptophan  and  hydroxy- 
lysine)  by  use  of  the  Beckman  Modified  121  Amino  Acid  Analyzer. 
Protein  efficiency  ratio  (PER)  was  calculated  according  to  procedures 
outlined  by  Alsmeyer  et  al.  (1974).  Patties  for  uncooked  fat  and  mois- 
ture analysis  were  frozen  in  liquid  nitrogen  and  powdered  in  a high 
speed  blender.  Moisture  was  determined  as  the  mean  weight  loss  of 
duplicate  3g  samples  after  drying  for  24  hr  at  102°C.  Fat  content  was 
determined  as  the  weight  loss  of  the  dried  samples  after  extraction  for 
16  hr  in  a Soxhlet  apparatus  with  35  ml  of  diethyl  ether.  The  heaters 
were  adjusted  to  allow  3-4  drops  of  ether  per  second  to  drip  through 
the  sample. 

Objective  evaluations 

Frozen  patties  were  broiled  9 min  (4.5  min  on  each  side)  on  an 
electric  grill  (approximately  275°  C)  to  a “medium”  degree  of  doneness. 
Ten  patties  from  each  formulation  were  randomly  selected,  cooked, 
" d weighed  immediately  after  cooking  to  determine  weight  loss  during 
cooking.  Values  are  reported  as  loss  from  the  frozen  to  the  cooked 
state.  Degree  of  doneness  was  scored  by  a two-member  panel  with  the 
use  of  an  8-point  standardized  photographic  scale  5 min  after  section- 
ing. The  same  ten  patties  were  evaluated  with  the  Instron  Universal 
Testing  Instrument  for  maximum  shear  force  by  use  of  the  single  blade 
technique  as  described  by  Cross  et  al.  (1976a). 


Table  1 — Proportion  of  mechanically  deboned  beef  (MDB)  in  the 
ground  beef  formulation 


% 

MDB 

Beafa 

kfl 

MDB 

kg 

Total b 
kg 

0 

184.0 

0 

184.0 

5 

87.4 

4.4 

91.8 

10 

165.6 

16.6 

182.2 

15 

78.2 

11.8 

90.0 

20 

147.2 

29.4 

176.6 

25 

69.0 

17  3 

86.3 

.10 

1 38,0 

:W,0 

167,4 

“ Baal  tournu  US  Utility  triangle*  anti  Choice  plates, 
b I iimihi  lAortlon*  were  fnrtmilaled  foi  every  other  treatment  tor  use 
In  slot  nu*»  similes. 
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Table  2 — Composition  o unc  >oked  ground  beef  patties  containing 
mechanically  deboned  bet  f 


Formula- 

tion 

Moisture 

% 

Fat  wet) 

% 

Protein 

% 

Ca 

% 

PER3 

Ess. 

amino  acidsb 

Control, 

0%  MDB 

58.47 

25  28 

16.24 

0.01 

2.52 

38.46 

5%  MDB 

38.79 

25  09 

16.06 

0.06 

2.96 

40.84 

10%  MDB 

57.08 

26  90 

15.93 

0.09 

2.83 

38.73 

15%  MDB 

60.23 

23  09 

16.59 

0.09 

3.68 

38.05 

20%  MDB 

63.53 

20  26 

16.09 

0.12 

2.88 

40.79 

25%  MDB 

61.51 

22  41 

15.92 

0.16 

3.14 

45.44 

30%  MDB 

60.65 

23  93 

15.23 

0.19 

3.14 

37.98 

100%  MDB 

64.96 

18  31 

15.68 

0.74 

3.13 

42.02 

a PER  (protein  Efficiency  Rati<  ) calculated  according  to  procedures 
outlined  by  Alsmeyer  et  al.  (1  374). 
b As  a percentage  of  total  prote  n 


Trained  sensory  panel  evalu  tion 

Male  and  female  panelist  wer  selected  from  the  scientific  and  ancil- 
lary staff  of  the  Agricultur  il  Re  earch  Center.  Selection  was  based  on 
assessments  of  repeatability  of  scores  on  duplicate  samples  and  consis- 
tency of  ratings  in  relation  o th  group.  Training  was  conducted  over  a 
period  of  3 wk  and  data  f om  1 le  training  sessions  provided  informa- 
tion for  selection  of  a 7-nemt?r  panel.  After  each  training  session, 
discussions  were  held  with  he  p tnelists  in  order  to  achieve  unanimity 
in  the  interpretation  of  the  scoring  system.  Panelists  evaluated  the  hot 
samples  (approx  20  - 25g)  in  b >oths  equipped  with  MacBeth  “North 
Sky  Daylight”  lighting.  Th  trai  ted  7-member  panel  rated  each  patty 
for  tenderness  and  juicines  on  >n  8-point  rating  scale  (8  = extremely 
tender  or  juicy  and  1 = ex  I -erne  y tough  or  dry).  The  amount  of  con- 
nective tissue  residue  remai  ling  : t the  end  of  mastication  was  rated  on 
an  8-point  scale  (8  = none  and  = abundant  amount).  The  panel  was 
trained  to  evaluate  tendern  ss,  ji  iciness  and  amount  of  connective  tis- 
sue. The  panel  was  also  aske  1 to  < abjectively  rate  the  samples  for  desira- 
bility of  appearance,  aroma,  fhvor  and  for  overall  desirability  (8  = 
extremely  desirable  and  1 = ex  remely  undesirable).  The  taste  panel 
evaluation  was  conducted  o /er  a time  span  of  4 wk  with  a total  of  14 
sessions  with  four  samples  ter  s ssion.  Each  of  the  four  samples  were 
sampled  individually  and  tl  e on  er  of  presentation  randomized.  Each 
treatment  (Table  1)  was  repeated  sight  times  over  the  14  sessions. 
Consumer  panel  evaluation 

Fifty  patties  from  each  orm  ilation  were  shipped  by  air  freight  to 
meat  scientists  at  Texas  A iM  Jniversity  for  consumer  panel  evalua- 
tion. Frozen  patties  were  t roilei  14  min  (7  min  on  each  side)  on  an 
electric  grill  to  a “medium’  degi  ee  of  doneness.  Cooking  times  varied 
for  patties  prepared  at  the  1 wo  1<  cations  because  the  grills  used  at  the 
Texas  A & M laboratory  we  e wr  ipped  with  foil  to  control  the  flow  of 
air  during  cooking.  Thus,  the  corking  time  required  to  reach  the  same 
degree  of  doneness  was  long  :r.  D iring  the  course  of  1 wk,  77  consumer 
panelists  (age  range  19  — 5 ; 68  males  and  9 females)  were  asked  to 
evaluate  ground  beef  patti  :s  fcmulated  with  different  amounts  of 
mechanically  deboned  beef  Each  panelist  was  asked  to  evaluate  sam- 
ples from  four  of  the  seven  reatnents  using  an  incomplete  latin  square 
design.  Panelists  were  famili  irizec  with  the  taste  panel  forms,  but  were 
not  told  the  composition  ol  the  teef  patties.  Each  panelist  scored  the 
sample  for  appearance,  flavcr,  te:  ture,  juiciness  and  overall  desirability 
on  a like/dislike  scale,  with  S = 1 ke  extremely  and  1 = dislike  extreme- 
ly. The  panelists  were  also  askec  to  classify  the  texture  and  flavor  as 
acceptable  or  unacceptable  and  to  check  one  or  more  blanks  corre- 
sponding to  any  off-texture  nr  fla  or. 

Statistical  analysis 

Data  were  reduced  by  anrlysu  of  variance  as  outlined  by  Steel  and 
Torrie  (1960).  When  treatments  ( percent  deboned  meat)  were  found  to 
be  significant,  the  relationship  be  ween  percent  deboned  meat  and  the 
trained  sensory  response  wa  i stuc  ied  by  fitting  a response  function  to 
the  data  rather  than  using  mean  separation.  When  treatments  are  equal- 
ly spaced  values  of  a theore  icall  continuous  variable  such  as  percent 
deboned  meat,  the  single  ct  mpa  isons  given  by  mean  separation  may 
not  give  the  most  informatk  n ab  >ut  the  problem  being  studied.  In  this 
study  the  more  important  trsk  w is  to  find  if  there  were  possibly1  some 


Table  3 — Mean  values  for  cooking  loss,  degree  of  doneness  and 
shear  force 


Treatment 

Total  cooking 
loss  % 

Degree  of 
Doneness3 

Max  shear 
force 
Newtons 

Control,  0%  MDB 

38. 6b* 

3.0  d 

66.68b 

5%  MBD 

35.1c 

4.9  c 

67.66bc 

10%  MDB 

36. 1c 

5.3  bc 

59.82c 

15%  MDB 

35. 2C 

5.9  bc 

57.86c 

20%  MDB 

39.6b 

5.4  be 

56.88c 

25%  MDB 

36. 1c 

6.2  b 

46.09d 

30%  MDB 

38. 3b 

5.9  bc 

45.1 1d 

a Evaluated  with  color  photos  with  1 = very  well  done;  4 = medium 
and  8 = very  rare. 

bed  Mean  values  in  the  same  column  bearing  a common  superscript 
do  not  differ  significantly  (P  > 0.05). 

* No  linear  or  quadratic  effects  found  to  be  significant 


continuous  relationship  between  percent  of  deboned  meat  and  paya- 
bility — perhaps  to  be  approximated  by  a polynomial  function.  If  a 
relationship  exists,  the  order  of  the  polynomial  which  approximates  it 
needs  to  be  determined.  These  questions  are  not  addressed  using  any 
classical  mean  separation  techniques,  but  rather  are  addressed  using 
single  degree  of  freedom  contrasts  or  orthogonal  polynomials  in  the 
analysis  of  variance.  Since,  in  this  study,  percent  deboned  meat  is  a 
continuous  variable,  the  more  approximate  question  of  a functional 
relationship  between  percent  deboned  meat  and  palatability  characteris- 
tic was  investigated.  Polynomials  of  appropriate  order  are  reported. 

RESULTS  & DISCUSSION 

RESULTS  OF  COMPOSITION  of  uncooked  ground  beef  pat- 
ties containing  different  levels  of  mechanically  deboned  beef 
(MDB)  are  presented  in  Table  2.  As  expected,  moisture  con- 
tent increased  as  fat  content  decreased.  Percent  calcium  in- 
creased with  level  of  MDB  in  the  formulation.  The  100%  MDB 
sample  contained  0.74%  calcium  which  is  within  the  level  in 
the  USDA  proposed  regulations  (USDA,  1976).  The  maximum 
percentage  of  calcium  in  the  ground  beef  mixtures  was  0.19% 
in  the  30%  MDB  formulation.  PER  and  percentage  of  essential 
amino  acids  exceeded  the  proposed  USDA  requirements 
(USDA,  1976)  in  all  formulations.  The  addition  of  MDB  to 
ground  beef  enhanced  the  nutritional  quality  of  the  product 
by  increasing  the  levels  of  calcium,  PER  and  essential  amino 
acids.  Forbes  et  al.  (1921),  Mitchell  et  al.  (1937)  and  Walker 
(1972)  reported  that  calcium  from  bone  is  readily  absorbed. 
The  additional  calcium  in  MDB  may  be  nutritionally  beneficial 
since  many  of  the  138  articles  reviewed  by  Walker  (1972) 
point  to  calcium  deficiencies  in  the  human  diet. 

Mean  values  for  cooking  loss,  degree  of  doneness  and  In- 
stron  shear  force  are  presented  in  Table  3.  Levels  of  MDB  and 
cooking  losses  were  not  consistently  associated.  The  formula- 
tion with  the  highest  moisture  content  (20%  MDB,  Table  2) 
also  sustained  the  highest  cooking  loss;  although  the  cooking 
loss  was  not  significantly  different  from  the  control  formula- 
tion. Degree  of  doneness  ratings  increased  (less  well  done)  with 
level  of  MDB.  Apparently  cooking  times  might  require  slight 
adjustments  if  MDB  were  added.  Maximum  force  required  to 
shear  a beef  patty  decreased  significantly  with  increased  levels 
of  MDB.  However,  the  formulation  with  5%  added  MDB  was 
not  significantly  different  in  shear  force  from  the  control 
formulation. 

Tenderness  and  juiciness  increased  and  amount  of  connec- 
tive tissue  (subjectively  evaluated  by  panel)  decreased  with 
increased  amounts  of  MDB  (Table  4).  The  control  formulation 
was  made  up  of  Utility  triangles  and  Choice  plates.  Cross  et  al. 
(1976b)  reported  that  ground  beef  prepared  from  U.S.  Utility 
or  lower  grade  beef  was  unacceptably  tough  and  high  in  de- 
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Table  4 — Trainee'  descriptive  pane I palatability  ratings  of  ground  beef  patties  containing  mechanically  deboned  beef. 


Treatment 

Tinder  less® 

Juiciness13 

Connective0 

tissue 

Appearance^* 

Aromad* 

Flavor^ 

Overall d 

Control,  0%  MDB 

5.2 

5.9 

4.7 

6.0 

6.0 

6.1 

5.6 

5%  MDB 

5.7 

5.9 

5.3 

6.2 

6.0 

6.2 

6.0 

10%  MDB 

5.7 

6.1 

5.4 

6.1 

5.8 

6.0 

5.8 

15%  MDB 

5.9 

6.2 

5.5 

6.1 

5.8 

5.8 

5.7 

20%  MDB 

6.1 

6.2 

5.8 

6.1 

6.0 

5.6 

5.7 

25%  MDB 

6.5 

6.3 

6.0 

6.3 

5.8 

5.0 

5.2 

30%  MDB 

6.7 

6.5 

6.3 

6.2 

5.9 

4.9 

5.0 

a Tenderness:  8 = extremely  tender  and  1 = extremely  tough. 
b Juiciness:  8 = extremely  juicy  und  1 = extremely  dry. 
c Connective  tissue:  8 = none  an  J 1 = abundant 

d Appearance,  aroma,  flavo  and  overall:  8 = extremely  desirable  and  1 = extremely  undesirable. 
No  significant  linear  or  qcadrai  ic  effects  or  pairwise  differences  found  among  means 


tectable  connective  tissue.  In  the  present  study,  MDB  appar- 
ently minimized  the  undesirable  textural  properties  of  Utility 
grade  gound  beef.  The  mechanism  is  unknown,  but  possibly 
MDB  diluted  the  strands  of  < onnective  tissue  in  the  formula- 
tion so  that  its  detection  was  minimized.  Field  et  al.  (1974a,  b, 
c)  and  Field  et  al.  ( 1 97 67  reported  that  mechanically  deboned 
meat  is  always  lower  in  connective  tissue  than  hand  boned 
meat  because  some  tendon  is  t iscarded  with  the  bone. 

Appearance  and  aromg  rati  lgs  were  not  affected  significant- 
ly (P  < 0.05)  by  addition  of  MDB  in  the  formulation  (Table 
4).  The  appearance  ratings  i icreased  slightly  as  the  level  of 
MDB  increased,  probably  bee  mse  of  the  darker  brown  surface 
and  the  “medium  rare”  degree  of  doneness. 

Flavor  seems  to  be  the  limiting  factor  in  adding  MDB  to 
ground  beef  (Table  4).  E xcej  t for  the  5%  MDB  formulation, 
flavor  ratings  decreased  vith  added  MDB.  The  decrease  was 
greatest  between  the  20  ind  ?,5%  levels.  A sensory  parameter 
rating  of  5.0  or  above  is  usually  considered  “acceptable,” 
while  4.9  and  below  is  considered  “unacceptable.”  These  are 
somewhat  arbitrary  designations  and  therefore  should  not  be 
applied  rigidly.  Apparently  MDB  can  be  added  at  least  to  the 
15  or  20%  level  without  approaching  this  5. 0/4. 9 cutoff.  Rat- 
ings for  overall  acceptability  were  usually  closely  aligned  with 
the  one  or  two  limiting  (or  lowest)  palatability  traits. 

The  means  in  Table  4 suggested  that  the  seven  sensory 
parameters  were  strongly  related  to  the  percent  MDB.  There- 
fore, as  previously  discussed  ii  the  experimental  section,  rath- 
er than  perform  mean  separation  on  the  data  in  Table  4,  a 
polynomial  in  terms  of  percent  MDB  was  fit  to  the  means  for 
selected  taste  panel  traits  and  was  corrected  for  other  effects 
in  the  study  (Table  5). 

The  functions  show  that  ratings  for  tenderness,  juiciness 
and  amount  of  connects  e tiisue  increased  linearly  with  per- 
cent MDB.  For  overall  acceptability,  the  response  initially  in- 
creased then  decreased  as  MDB  increased.  The  maximum  esti- 
mated response  for  overall  acceptability  (5.87)  occurred  at  the 
7.4%  MDB  level.  The  function  for  flavor  has  the  same  form  as 
that  for  overall;  howeve-,  the  estimated  maximum  response 
was  at  0.1%  MDB  which  ind  cates  essentially  that  flavor  de- 
creased as  MDB  increased. 

Consumer  panel  evaluatio  is 

All  means  for  consumer  palatability  ratings  were  above  5.0 
(Table  6),  and  did  not  differ  significantly  among  formulations 
for  appearance,  flavor  asid  overall  acceptability.  Trends  are 
similar  for  the  trained  (Table  4)  and  the  consumer  panels  (Ta- 
ble 6);  texture  or  tender  less  ind  juiciness  tended  to  increase 
with  added  MDB.  The  failure  of  the  consumer  panel  to  detect 
significant  differences  between  the  control  patties  and  patties 
with  MDB  might  be  exphinec  by  the  fact  that  the  consumer 
panel  sampled  the  products  from  each  treatment  only  once, 
while  the  trained  panel  sampled  each  product  eight  times.  Pos- 


Table  5 — Regression  analyses  of  palatability  traits  and  level  of 
added  mechanically  deboned  beef 


Function*  R2 


Tenderness  - 5.27  + 0.046Xb  0.96 

Juiciness  = 5.85  + 0.21  Xb  0.96 

Connective  tissue  amount  * 4.84  + O.Q48Xb  0.96 

Flavor  = 6.14  + 0.0003Xb  - 0.001 5X3b  0.97 

Overall  = 5.76  + 0.029Xb  - 0.002X3 b 0.95 


a Functions  developed  on  means  from  trained  sensory  panel 
b X = percent  added  mechanically  deboned  beef. 


Table  6 — Consumer  ratings  for  ground  beef  patties  containing  me- 
chanically deboned  beef 


Formula- 

tion 

Appear- 

ance® 

Flavor® 

Texture® 

Juici- 

ness13 

Overall® 

Control 
0%  MDB 

6.0C 

6.0C 

5.1e 

5.6cde 

5.8C 

5%  MDB 

5.7C 

5.8C 

5.7cd 

5.4e 

5.6C 

10%  MDB 

e.o® 

5.7c 

5.8cd 

5.6cd 

5.8C 

15%  MDB 

5.8C 

5.6C 

5.7cd 

5.8cd 

5.6C 

20%  MDB 

5.9C 

5.7C 

5.7cd 

5.7cde 

5.5C 

25%  MDB 

BCK 

6.0C 

6.0C 

5.8C 

5.9C 

30%  MDB 

5.4C 

5.5C 

5.4de 

6.0c 

5.4c 

a Mean  values  based  on  8-point  hedonic  scales  (8  = like  extremely;  1 
= dislike  extremely). 

b Means  based  on  8-point  descriptive  scale  (8  = extremely  juicy;  1 = 
extremely  dry). 

cde  Mean  values  in  the  same  column  bearing  different  superscripts 
differ  significantly  (P  < 0.05).  n = 77  panelists. 


sibly  the  consumer  panel  would  have  begun  to  detect  differ- 
ences with  prolonged  testing  or  training.  The  trained  panelists 
were  selected  on  the  basis  of  their  ability  to  detect  differences 
in  the  test  attributes  and  probably  were  more  sensitive  to  dif- 
ferences than  the  untrained  consumers. 

The  consumer  panel  also  rated  texture  and  flavor  as  either 
“acceptable”  or  “unacceptable”  (Tables  7 and  8).  Each  panel- 
ist was  asked  to  classify  the  texture  or  flavor  of  the  “unaccept- 
able” patties  by  checking  one  or  more  blanks  corresponding  to 
any  off  flavor  or  texture.  Except  for  the  25  and  30%  levels, 
the  percent  rated  as  “unacceptable”  in  texture  (Table  7)  de- 
creased with  added  MDB.  More  than  60%  of  the  panelists  rated 
the  control  patties  as  “unacceptable”  in  texture.  The  predomi- 
nant defect  was  described  as  “too  tough  or  rubbery”  followed 
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Table  7 — Consumer  parte!  responses  for  textural  acceptability  and  descriptions  of  defects  in  unacceptable  patties 


Description  of  defects  in  unacceptable  patties 

b 

Formulation 

Textural  acceptability 
Acceptable 

a 

Unacceptable 

Too 

mushy 

Too 

fine 

Too 

coarse 

Too  tough 
or  rubbery 

Gritty 

Too 

crumbly 

Other 

Control,  0%  MDB.  37.5 

62.7 

3.8 

1.3 

12.5 

38.8 

2.5 

2.5 

1.3 

5%  MDB 

48.8 

51.2 

3.8 

3.8 

16.3 

25.0 

2.5 

0 

0 

10%  MDB 

54.4 

45.5 

5.1 

2.5 

11.4 

17.7 

7.6 

1.3 

0 

15%  MDB 

56.9 

43.1 

17.7 

6.3 

8.9 

6.3 

1.3 

1.3 

1.3 

20%  MDB 

56.6 

43.4 

16.9 

9.6 

7.2 

2.4 

3.6 

2.4 

1.2 

25%  MDB 

52.9 

12.9 

9.4 

5.9 

11.8 

3.5 

3.5 

0 

30%  MDB 

45.7 

54.3 

22.2 

11.1 

4.9 

7.4 

8.6 

0 

0 

a Numerical  values  are  percentages  of  all  responses. 

b Numerical  values  are  percentages  of  responses  assigned  by  panelists  who  considered  the  texture  unacceptable 

. n = 77  panelists. 

Table  8 — Consumer  panel  responses  for  flavor  acceptability  and  descriptions  of  defects  in  unacceptable  patties 

Flavor  acceptability8 

Description  of  defects  in  unacceptable  patties 

b 

Formulation 

Acceptable 

Unaccaptable 

Musty 

Medicinal 

Rancid 

Salty 

Bitter 

Yeasty 

Other 

Control,  0%  MDB  84.4 

15.6 

6.5 

0.0 

1.3 

1.3 

0.0 

2.6 

3.9 

5%  MDB 

72.7 

27.3 

9.1 

5.2 

0.0 

1.3 

3.9 

1.3 

6.5 

10%  MDB 

74.4 

25.6 

17.9 

2.6 

0.0 

0.0 

1.3 

1.3 

2.6 

15%  MDB 

61.5 

38.5 

11.5 

6.4 

3.8 

5.1 

0.0 

0.0 

11.5 

20%  MDB 

62.5 

37.5 

12.5 

2.5 

3.8 

1.3 

3.8 

5.0 

8.8 

25%  MDB 

71.6 

28.4 

13.6 

2.5 

1.2 

1.2 

2.5 

2.5 

4.9 

30%  MDB 

60.8 

39.2 

12.7 

7.6 

3.8 

1.3 

3.8 

12.7 

8.9 

a Numerical  values  are  percentages  of  responses. 

b Numerical  values  are  percentages  of  responses  assigned  by  panelists  who  considered  the  flavor  unacceptable,  n = 77  panelists. 


>y  “too  coarse.”  Consumer  panelists  rated  patties  with  high 
evels  of  MDB  as  being  “too  mushy”  or  “too  fine.”  Apparently 
he  addition  of  MDB  at  levels  up  to  15  or  20%  tended  to  offset 
he  undesirable  textural  characteristics  of  the  control  beef  pat- 
ies. 

The  percentage  of  patties  rated  as  “unacceptable”  in  flavor 
ncreased  with  the  higher  levels  of  MDB  (Table  8).  More  than 
'0%  of  the  panelists  rated  patties  as  “acceptable”  in  flavor. 
Apparently,  the  flavor  of  patties  was  acceptable  to  more  panel- 
sts  than  was  the  texture  (Table  7).  The  predominant  defect  in 
11  treatment  groups  was  described  as  “musty.”  Further  re- 
earch,  with  a trained  flavor  profile  panel,  should  be  conducted 
o identify  the  intensity  and  order  of  appearance  of  the  flavor 
omponents. 

It  was  concluded,  from  the  palatability  and  cooking  loss 
ata,  that  MDB  can  be  added  to  ground  beef  at  levels  up  to  15 
r 20%.  The  textural  properties  of  the  cooked  beef  patty  were 
mproved  by  the  addition  of  MDB.  These  conclusions  are  sup- 
orted  by  data  from  trained  and  consumer  panels.  The  protein 
uality  of  ground  beef  was  enhanced  by  the  addition  of  MDB 
s evidenced  by  increased  PER  and  percent  essential  amino 
cids.  The  increased  levels  of  calcium  may  also  improve  the 
lutritional  value  of  the  beef  patties  as  explained  by  Forbes  et 
1.  (1921);  Mitchell  et  al.  (1937)  and  Walker  ( 1972).  Of  the 
actors  studied,  undesirable  flavor  and  mushy  texture  were  the 
aost  common  objections  expressed  by  panelists  about  ground 
ieef  patties  that  contained  high  levels  of  MDB.  Flavor  of  MDB 
hould  be  monitored  during  prolonged  storage  at  different 
emperatures  to  further  define  possible  limitations  on  the  use 
>f  MDB  in  gound  beef  patty  formulations. 
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EFFECT  OF  DESKEWING  VERSUS  GRINDING  ON  TEXTURAL  PROPERTIES  OF  BEEF 

H.  R.  CROSS,  B.  W.  BERRY,  J.  E.  NICHOLS,  R.  S.  ELDER  and  J.  A.  QUICK 


ABSTRACT 

The  objective  of  this  study  was  to  evaluate  the  effect  of  mechanical 
desinewing  (a  new  process  whereby  the  major  portion  of  the  sinew  or 
connective  tissue  and  foreign  particles  is  removed)  vs  grinding  on  tex- 
tural properties  of  comminuted  beef.  Desinewing  generally  improved 
textural  properties  of  beef  patties  with  greatest  effects  on  meat  from 
mature  animals.  The  0.19  cm  desinewing  head  was  superior  to  0.25 
or  0.32,  but  further  research  is  needed  to  refine  head  selection. 


INTRODUCTION 

IN  THE  UNITED  STATES  the  consumption  of  ground  beef 
has  increased  steadily  over  the  past  decade.  Cross  et  al.  (1976a, 
1977)  reported  that  connective  tissue  was  and  is  a major  prob- 
lem associated  with  the  acceptance  of  ground  beef.  They 
found  that  meat  from  U.S.  Utility  or  lower  quality  or  from 
minor  cuts  of  any  grade,  produced  a ground  product  that  was 
'unacceptably  high  in  connective  tissue.  Cross  et  al.  (1976b) 
reported  that  method  of  grinding  affected  textural  properties 
of  ground  beef,  especially  the  amount  of  connective  tissue 
remaining  in  the  cooked  product.  These  results  indicated  that 
the  size  of  the  plates  in  the  initial  grind  were  directly  related 
to  the  amount  of  connective  tissue  in  the  cooked  product.  The 
major  sources  of  lean  for  ground  beef  are  minor  cut  trimmings 
from  young  cattle  and  major  cuts  from  older,  lower  quality 
cattle.  Since  it  is  not  economically  feasible  for  the  industry  to 
alter  its  source  of  lean,  we  are  investigating  methods  of  com- 
minution that  would  remove  a portion  of  the  objectionable 
connective  tissue. 

A new  process  has  been  developed  whereby  the  major  por- 
tion of  the  sinew  or  connective  tissue  and  foreign  particles  can 
be  removed.  The  process  is  called  “desinewing”  and  the  device 
is  an  adaptation  of  the  Beehive  mechanical  deboning  machine. 
Gillett  and  Tanatikamjathep  (1976)  reported  that  mechanical 
desinewing  removed  about  half  of  the  connective  tissue  from 
beef  shanks  and  plates.  The  objective  of  this  study  was  to 
evaluate  the  effect  of  desinewing  versus  grinding  on  textural 
properties  of  comminuted  beef. 

EXPERIMENTAL 

EIGHTEEN  FORMULATIONS  of  comminuted  beef  were  prepared  as 
outlined  in  Table  1.  All  raw  materials  were  selected  from  the  same  day’s 
slaughter.  The  various  cuts  were  removed  from  each  carcass,  boned  and 
shipped  about  10  miles  in  a refrigerated  truck  to  the  commercial  re- 
search laboratory.  The  plates  and  flanks  from  the  U.S.  Choice  minor 
cuts  were  partially  trimmed  of  fat  prior  to  communition.  About  40%  of 
the  Choice  minor  cuts  consisted  of  undefatted  foreshank  lean  and  fat. 
Fat  from  U.S.  Choice  plates  was  added  to  the  bull  triangle  and  U.S. 
Utility  triangle  meat  to  increase  the  fat  content. 

For  each  treatment,  a minimum  batch  of  50  kg  was  prepared.  All 
raw  material  was  passed  through  a grinder  plate  having  5.08  cm  diam- 
eter holes.  Grab  samples  were  collected  for  fat  analysis,  and  were  fur- 
ther comminuted  by  passing  them  through  a colloid  mill.  Fat  content 
was  determined  by  the  Modified  Babcock  procedure.  Fat  content  was 
standardized  at  24  ± 2%  by  the  addition  of  appropriate  amounts  of  fat 
or  lean.  Based  on  previous  determinations,  the  desinewing  process  was 
expected  to  remove  2—3%  of  the  fat;  therefore,  the  fat  content  for  the 
raw  materials  to  be  desinewed  was  adjusted  to  about  26%. 
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Table  1 ^-Treatment  formulations  and  listing  of  tables  where  com- 
parisons are  made 


Raw  beef  material® 

Methods  of 
comminution 

Table 

2 3 4 5 

Choice  Minor  Cuts  (CM) 

Grind  (G) 

X X 

Choice  Minor  Cuts 

Desinew  1 ( D 1 ) 

XXX 

Choice  Minor  Cuts 

Desinew  2 (D2) 

X 

Choice  Minor  Cuts 

Desinew  3 (D3) 

X 

Utility  Triangles  (UT) 

Grind 

X X 

Utility  Triangles 

Desinew  1 

XXX 

Utility  Triangles 

Desinew  2 • 

X 

Utility  Triangles 

Desinew  3 

X 

Choice  Flanks 

Grind 

X 

Choice  Flanks 

Desinew  1 

X 

Bull  Triangles  (BT) 

Grind 

X 

Bull  Triangles 

Desinew  1 

X 

CM/CM  50/50 

G/D 

X 

UT/UT  50/50 

G/D 

X 

CM/UT  50/50 

G/G 

X 

CM/UT  50/50 

G/D 

X 

CM/UT  50/50 

D/G 

X 

CM/UT  50/50 

D/G 

X 

a CM  = flanks,  plates  and  foreshanks;  UT  and  BT  = plates,  fore- 
shanks and  chucks;  G = Three  stage  grind,  5.08,  1 .90  and  0.32  cm  > 
plates;  D1  =0.19  cm  head;  D2  = 0.25  cm  head;  and  D3  = 0.32  cm(  . 
head 


Grinding 

Following  the  initial  grind  and  fat  adjustment  the  meat  was  mixed 
for  2 min  in  a mechanical  mixer.  Temperature  was  monitored  during 
the  mixing  process  and  if  it  exceeded  2-3° C,  sufficient  COa  snow  was 
added  to  bring  the  internal  temperature  of  the  ground  product  below 
3°C.  After  mixing,  the  product  was  ground  through  a 1.90  cm  plate  and 
finally  through  a 0.32  cm  plate. 

Desinewing 

Meat  was  passed  through  a Beehive  Desinewing  Machine  (Model  AU 
6173).  Heads  of  three  different  sizes  were  used  and  had  holes  with 
diameters  of  0.19,  0.25  and  0.32  cm.  Prior  to  the  deSinewing,  fat  con- 
tent was  adjusted  by  the  addition  of  fat  that  had  been  passed  through 
the  0.19  cm  .desinewing  head.  The  product  was  mixed  for  2 min  and 
C02  snow  was  added  if  necessary. 

Combinations 

Various  combinations  of  raw  meat  materials  (U.S.  Choice  minor 
cuts  and  U.S.  Utility  triangles)  and  methods  of  communition  (grind  and 
desinew)  were  prepared.  Desinewed  meat  (0.19  cm  head)  was  added  in 
equal  amounts  to  ground  meat  after  it  had  been  passed  through  the 
1.90  cm  plate.  Following  a 2-min  mix,  the  product  was  ground  through 
the  0.32  cm  grinder  plate.  Desinewed  Utility  triangles  and  Choice  minor 
cuts  were  combined  in  equal  amounts  and  mixed  for  2 min  but  were 
not  ground. 

Patties 

Communited  meat  from  each  treatment  was  formed  into  142g  pat- 
ties with  a Hollymatic  Patty  Machine.  Patties  were  placed  in  plastic 
bags,  covered  with  COa  snow  and  placed  in  a -20°C  freezer.  After  72 
hr,  patties  were  packed  in  dry  ice  and  shipped  via  air  freight  to  Belts- 
ville, MD. 

Cooking 

Patties  were  broiled  from  the  frozen  state  on  electric  Farberware 
grills  (model  450)  for  6 min  per  side.  Cooked  patties  were  quartered 
and  served  immediately  to  panelists  for  sensory  evaluation.  Degree  of 
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Table  2— Effect  of  desinewing  method  on  the  textural  and  chemical  properties  of  beef& 


Dssinewing 
head  sizeb 
(cm) 

Tenderness 

Panel 

connective 
tissue  amount 

Instron 

shear  force  (kg) 

Total  collagen 
(mg/g,  wet  basis) 

CM 

UT 

CM 

UT 

CM 

UT 

CM 

UT 

0.19 

6.31b 

6.61b 

6.01b 

6.36b 

6.64b 

6.26b 

14.39c 

16.61c 

0.25 

5.70b 

5.50b 

5.26b 

4.40c 

6.62b 

10.07c 

16.00c 

27.20b 

0.32 

5.77b 

4.78c 

5.51b 

3.92c 

8 05b 

11.18c 

25.47b 

22.31b 

a Means  in  the  same  column  followed  by  the  same  letter  are  not  significantly  different  (P  < 0.10). 

b Desinewing  methods  differed  according  to  diameter  of  holes  in  i 

the  heads  of  the  machine. 

doneness  was  evaluated,  by  comparison  with  color  photographs,  on  all 
cooked  patties  5 min  after  cooking. 

Panel  selection  and  training 

A 10-member  panel  was  selected  and  trained  in  descriptive  attri- 
butes by  the  procedures  of  Cross  et  al.  (1978).  The  panel  rated  the 
following  attributes  on  an  8-point  structured  scale:  (a)  tenderness  and 
juiciness,  with  8 = extremely  tender  and  juicy;  and  1 = extremely  tough 
and  dry;  and  (b)  connective  tissue  amount  with  8 = none  and  1 = 
abundant.  Panelists  rated  five  samples  at  each  of  22  sessions.  Each 
treatment  was  replicated  six  times  and  samples  to  be  evaluated  in  each 
session  were  selected  via  a table  of  random  numbers. 

Instron  shear 

Ten  patties  from  each  treatment  were  broiled  for  determination  of 
shear  values.  The  cooked  patties  were  cooled  for  at  least  2 hr,  and  shear 
force  was  measured  on  each  quarter  of  the  patty  with  the  single  blade 
shearing  device  attached  to  the  Instron  as  described  by  Cross  et  al. 
(1976b).  Data  were  recorded  for  the  maximum  force  required  to  shear 
through  the  meat  patty. 

Hydroxyproline 

Duplicate  samples  (4g)  of  frozen  powdered  meat  from  each  treat- 
ment were  heated  for  70  min  at  77° C in  0.25%  strength  Ringer’s  solu- 
tion and  separated  into  supernatant  and  residue  fractions  according  to 
the  procedures  of  Hill  (1966).  Each  fraction  was  individually  hydro- 
lyzed in  6N  HC1  at  102°C  for  16  hr  at  1 atm  pressure. 

The  hydroxyproline  content  was  determined  as  outlined  by  Berg- 
man and  Loxley  (1961).  Total  collagen  content  (mg/g)  was  calculated 
by  multiplying  the  hydroxyproline  content  of  the  residue  by  7.25  and 
that  of  the  supernatant  by  7.52. 

Statistical  analysis 

The  experimental  design  was  structured  so  that  each  treatment 
occurred  once  in  each  replication  and  once  in  each  order  (1  to  5).  The 
design  was  a partially  balanced  incomplete  block  design  according  to 
Clatworthy  (1973).  Each  observation  used  in  the  analysis  was  the  aver- 
age of  the  scores  of  all  panelists.  Data  were  subjected  to  statistical 
analysis  of  variance  according  to  Snedecor  (1956)  and  to  mean  separa 
tion  by  Scheffe’s  method  (1959).  Means  for  the  taste  panel  traits  were 
adjusted  for  session/replication  effects.  Means  for  degree  of  doneness 
were  evaluated  by  nonparametric  analysis  of  variance  (Kraskal-Wallis 
procedure)  discussed  in  Hollander  and  Wolfe  (1973). 

RESULTS  & DISCUSSION 

DATA  IN  TABLE  2 describe  the  effect  of  desinewing  method 


on  textural  and  chemical  properties  of  beef.  Since  interactions 
between  type  or  grade  of  meat  and  method  of  communition 
were  significant,  the  data  are  presented  separately  for  each 
type  and  grade  of  meat.  Three  desinewing  methods  (0.19,  0.25 
and  0.32  cm  hole  sizes)  were  applied  to  Choice  minor  cuts 
(CM)  and  Utility  triangles  (UT).  No  significant  differences 
among  methods  were  evident  for  CM  cuts  in  either  panel  or 
Instron  ratings  (Table  2).  For  UT,  the  methods  with  the  0.19 
and  0.25  cm  head  sizes  were  superior  in  terms  of  panel  ratings 
of  tenderness,  and  the  0.19  cm  head  was  best  for  connective 
tissue  amount  and  Instron  shear  force. 

Degree  of  doneness,  cooking  losses,  and  juiciness  were  not 
significantly  affected  ,by  method  of  desinewing  (data  no* 
shown).  As  the  hole  size  increased  frt^m  0.19  to  0.25  and  0.3. 
cm,  the  amount  of  total  collagen  in  the  finaPproduct  increased 
significantly.  With  CM  or  UT,  the  amount  of  collagen  in  the 
product  was  significantly  less  from  the  0.19  than  the  0.32  cm 
head.  These  differences  in  collagen  were  also  reflected  by  the 
differences  in  the  panelists’  ratings  for  tenderness  and  connec- 
tive tissue. 

Based  on  the  results  in  Table  2,  the  desinewing  method 
with  the  0.19  cm  head  was  used  to  prepare  meat  for  compari- 
son with  ground  meat.  Data  in  Table  3 describe  the  effect  of 
grinding  or  desinewing  on  the  textural  and  chemical  properties 
of  beef.  The  two  methods  of  communition  (grinding  and 
desinewing-0. 1 9 cm  head)  were  applied  to  Choice  minor  cuts 
(CM),  Utility  triangles  (UT),  Choice  flanks  (CF)  and  bull  tri- 
angles (BT).  Bull  triangles  were  from  ‘C’  maturity  carcasses 
and  UT  from  D/E  maturity  carcasses.  Although  not  all  differ- 
ences were  significant,  desinewed  patties  from  CM  cuts  consis- 
tently tended  to  be  rated  more  tender  (panel  and  Instron)  and 
lower  in  detectable  connective  tissue  than  ground  patties 
(Table  4).  Patties  from  desinewed  UT  and  BT  cuts  were  rated 
significantly  more  tender  (panel)  and  lower  in  connective  tis 
sue  than  patties  from  ground  UT  and  BT.  Tatties  from  de- 
sinewed BT  were  also  more  tender,  as  indicated  by  lower  In- 
stron values,  than  patties  from  ground  BT.  Desinewed  UT 
patties  also  had  significantly  higher  juiciness  ratings  than 
ground  patties  (not  shown  in  table). 

Apparently,  the  effect  of  desinewing  was  greatest  on  cuts 
from  older  (C-E  versus  A maturity)  carcasses,  which  usually 


Table  3—E ffect  of  grinding  or  desinewing  method a on  the  textural  and  chemical  properties  of  beef 13 


Type  of 
cutc 

Tenderness 

Panel 

connective  tissue  amount 

Instron  shear  force  (kg) 

Total  collagen 
(mg/g,  wet  basis) 

Grind 

Desinew 

Grind 

Desinew 

Grind 

Desinew 

Grind 

Desinew 

CM 

5.61c 

6.31c 

5.56c 

6.01c 

7.35c 

6.64c 

33.52c 

14.39d 

UT 

5.36d 

6.61c 

4.95d 

6.36c 

7.49c 

6.26c 

29.86c 

16.61d 

CF 

^ 5.18c 

5.49c 

5.90c 

5.66c 

6.09c 

7.72c 

10.86c 

12.47d 

BT 

5.08d 

6.83c 

4.63d 

6.97c 

8.72c 

5.55d 

13.80c 

7.67d 

a Grinding  = 5.08;  1.90  X 0.32  cm  plates  and  desinewing  = 0.19  cm  diameter  holes. 
b Paired  means  in  the  same  row  followed  by  the  same  letter  are  not  significantly  different  (P  < 0.10). 
c CM  = Choice  minor  cuts;  UT  = Utility  triangles;  CF  = Choice  flanks;  BT  = bull  triangles. 
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Table  4— Textural  and  chemical  properties  of  various  mixtures  of  ground  and  desinewed  beefa 


Percent 

desinewed 

beefb 

Panel 

tenderness 

Instron 

shear  force,  kg 

Panel  connective 
tissue  amount 

Total  collagen 
(mg/g,  wet  basis) 

CM 

UT 

CM 

UT 

CM 

UT 

CM 

UT 

0 

5.61b 

5.36bc 

7.35b 

7.49bc 

5.56b 

4.95c 

33.52b 

29.86b 

50 

6.08b 

4.84c 

6.94b 

9.94b 

6.36b 

4.76c 

25.96c 

29.30b 

100  1 

< 

6.31b 

6.61b 

6.64b 

6.26c 

6.01b 

6.36b 

14.39d 

16.61c 

a Means  in  the  same  column  followed  by  the  same  letter  are  not  significantly  different  (P  < 0,10). 
b Desinewed  beef  was  passed  through  the  0.19  cm  head. 


have  large  amounts  of  tough  connective  tissue.  This  is  impor- 
tant because  mature  animals  are  the  major  source  of  beef  for 
hamburger.  Cross  et  al.  (1976a,  1977)  indicated  that  ground 
beef  from  old  animals  is  unaceptably  high  in  connective  tis- 
sue. The  panel  rated  patties  made  from  ground  BT  lowest  in 
quality  in  terms  of  tenderness  and  connective  tissue,  but  rated 
those  from  desinewed  BT  highest  for  these  same  traits  (Table 
3). 

The  effects  of  desinewing  versus  grinding  on  total  cooking 
loss  and  degree  of  doneness  were  not  significant  (data  not 
shown).  From  all  cuts  except  CF,  desinewed  beef  contained 
significantly  less  collagen  than  ground  beef.  These  differences 
were  reflected  in  the  ratings  for  tenderness  and  connective 
tissue  (Table  3). 

Three  mixtures  of  desinewed  and  ground  beef  from  two 
classes  of  cuts  (CM  and  UT)  were  prepared  as  outlined  in  Table 
4.  Generally,  as  the  percent  desinewed  meat  of  the  CM  formu- 
lation increased,  ratings  for  tenderness  increased  and  Instron 
shear  force  decreased.  Although  these  differences  were  not 
significant,  the  trend  is  similar  to  that  in  Table  2,  For  UT, 
100%  desinewed  beef  was  the  best  in  terms  of  tenderness, 
connective  tissue  and  Instron  shear  force.  It  is  impossible  to 
explain  why  UT  containing  50%  ground/desinewed  beef  were 
rated  tougher  than  either  of  the  other  formulations.  This  seg- 
ment of  the  experiment  will  be  repeated  to  determine  whether 
that  effect  was  real.  Juiciness,  cooking  losses,  and  degree  of 
doneness  ratings  were  not  significantly  affected  by  the  amount 
of  desinewed  beef  in  the  formulation  (data  not  shown).  As 
expected,  total  collagen  decreased  as  the  percentage  of  de- 
sinewed beef  increased.  The  change  was  greatest  between 
1 00%  and  50%  desinewed. 

Various  combinations  of  desinewed  and  ground  cuts  were 
prepared  and  the  results  are  presented  in  Table  5.  From  CM 
and  UT  cuts,  four  50/50  mixtures  in  all  combinations,  were 
prepared  of  ground  and  desinewed  meat.  The  CM  ground/UT 
desinewed  and  CM  desinewed/UT  ground  treatments  were 
more  tender,  according  to  the  Instron,  than  the  CM 
ground/UT  ground  mixture.  Juiciness,  total  cooking  loss,  and 
degree  of  doneness  did  not  differ  significantly  among  the  four 
mixtures  (data  not  shown).  Mixtures  containing  UT  desinewed 
beef  contained  significantly  less  total  collagen  than  other  mix- 
tures. In  mixtures  with  ground  UT  beef,  desinewing  of  CM  did 


not  significantly  reduce  total  collagen.  Generally,  there  ap- 
pears to  be  few  differences  in  tenderness  between  mixed 
ground  beef  regardless  of  the  desinewing  treatment. 

CONCLUSIONS 

DESINEWING  generally  improved  the  textural  properties  of 
beef  patties.  The  effects  of  desinewing  were  greatest  on  meat 
from  mature  animals  that  were  high  in  connective  tissue.  That 
finding  is  economically  important  because  most  ground  beef  is 
now  prepared  with  meat  from  mature  animals  or  with  minor 
cuts  from  younger  animals.  Meat  desinewed  through  the  0.19 
cm  head  was  superior  to  that  desinewed  through  the  0.25  and 
0.32  cm  heads.  Choice  of  the  metho^l  of  communition  prob- 
ably should  be  based  on  the  nature  of  the  raw  material,  but 
further  research  is  needed  to  refine  the  selection  of  heads. 
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Table  5— Effect  of  combinations  of  desinewed  and  ground  cuts  on  textural  and  chemical  properties  of  beefa 


Formulatio'nb 

Panel 

tenderness 

Instron 
shear  force, 

kg 

Panel 

connective  tissue 
amount 

Total  collagen 
(mg/g,  wet  basis) 

CM  ground/UT  ground 

5.76c 

7.95c 

5.41c 

18.53c’  4 

CM  ground/UT  desinewed 

5.32c 

5.97d 

5 47c 

14.08d 

CM  desinewed/UT  ground 

5.75c 

5.22d 

5.76c 

18.00c 

CM  desinewed/UT  desinewed 

6.07c 

6.85cd 

5.82c 

1 3.56d 

a Means  in  the  same  column  followed  by  the  same  letter  are  not  significantly  different  (P  < 0.10). 

b Desinewed  beef  was  passed  through  the  0.19  cm  head.  Beef  from  Choice  minor  cuts  and  Utility  triangles  were  combined  in  equal  amounts. 
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OBJECTIVE  MEASUREMENTS  OF  TEXTURE  IN  GROUND  BEEF  PATTIES 

H.  R.  CROSS,  MARIL  YN  S.  STANFIELD  and  W.  J.  FRANKS  JR. 


AFSTI  ACT  

eef  patties  were  prepared  fron  car<  asses  ranging  in  quality  grade  from 
I.S.  Prime  to  Cutter  and  fornulatel  into  16  grade/cut  combinations, 
exture  was  evaluated  for  eac  san  pie  with  three  devices  (two  shear 
nd  one  compression)  adapter  to  he  Instron  Universal  Testing  Ma- 
hine.  The  single  blade  shear  ( 5BS)  and  circle  blade  shear  (CBS)  were 
sed  to  determine  the  maximur  i fori  e required  to  shear  the  sample  and 
a measure  the  area  under  the  curv  1,  i.e.,  work.  The  maximum  force 
squired  to  compress  a core  to  one-  lalf  its  original  thickness  also  was 
etermined.  In  simple  correlati  ans,  nachine  readings  for  single  blade 
rea  under  the  curve  and  for  ma  dmu:  a single  blade  shear  force  were  the 
lost  highly  correlated  with  the  su  ijective  panel  evaluation  of  con- 
ective  tissue  amount  (-0.93  ; id  - 6.92)  and  tenderness  (-0.89  and 
0.88).  Correlations  for  CBS  vere  highly  significant  but  had  lower 
oefficients  (-0.86,  -0.78;  -0.  52,  - 0.76;  respectively)  than  the  SBS. 
Legression  equations  containing  sing] ) blade  area,  circle  blade  area  and 
ompression  force  accounted  fo  95.  % of  the  variability  in  subjective 
anel  evaluations  for  amount  of  eonn  ctive  tissue  and  when  circle  blade 
dear  replaced  circle  blade  area,  acco  nted  for  92.6%  of  the  variability 
l panel  ratings  for  tenderness. 


INTR(  DU'  :TION 

1ESEARCH  on  objective  rm  tho<  s of  measuring  texture  is  not 
new  development.  Lehmin  ( 907)  described  two  instru- 
rents  for  testing  the  tend  erne  s of  meat.  Schultz  (1957) 
ummarized  the  advantage  an  1 disadvantages  of  various 
lechanical  methods  that  had  1 een  used  to  measure  meat 
enderness.  Voisey  (1976)  p ovic  es  an  excellent  review  of  in- 
truments  used  for  meat  ter  deni  ess  evaluation.  Interest  con- 
inues  in  the  development  of  new  devices  and  the  modification 
f existing  devices,  for  the  ;neas rrement  of  texture  in  meat 
Szczesniak  and  Torgeson,  1(65;  iurrill  et  al.,  1962;  Sperring 
t al.,  1959;  Kelley  et  al.,  1 160;  Spencer  et  al.,  1962;  Smith 
nd  Carpenter,  1973;  Segars  e al.,  1975). 

Tenderness  is  the  principal  attribute  associated  with  tex- 
are  in  meats  as  evidenced  by  con  umer  preferences  for  tender 
teats.  Of  the  many  median  cal  ievices  used  to  simulate  or 
leasure  tenderness  or  textu-e  a perceived  by  the  sensory 
anel,  the  Warner-Bratzler  ir  stru  nent  is  probably  the  most 
opular  (Szczesniak  and  Torgeson,  1965).  That  device  is 
jnple  and  inexpensive  but  generates  data  that  may  not  always 
orrelate  highly  with  sensory  tenderness.  Szczesniak  and 
'orgeson  (1965)  stated  “that  41  of  51  research  studies  estab- 
shed  good  to  highly  significant  re  ationships  between  Wamer- 
iratzler  shear  and  sensory  tend  ;rness  with  the  remaining 
tudies  showing  poor  to  no  significant  correlations  with  sen- 
ary tenderness.” 

Many  researchers  have  ada  ited  the  meat  shear  principle  of 
tie  Warner-Bratzler  apparatus  to  use  with  the  Instron  Uni- 
ersal  Testing  Machine.  Because  of  its  basic  design  and  its 
apability  to  record  force-distance  i elationships  accurately,  the 
nstron  may  be  used  to  quantify  ether  parameters  of  texture 
ther  than  maximum  shear  for  :e. 

Few  researchers  have  used  instilments  to  evaluate  texture 


iuthors  Cross  and  Stanfield  are  wi  ih  th  * USDA  Meat  Science  Research 
aboratory,  FR,  SEA,  Beltsville,  MD  10705.  Author  Franks  is  with 
ie  Statistics  and  Technical  Suppc  f Stf  ff,  FSQS,  USDA,  Washington, 
'C  20250. 


Table  1 —Sample  combination  iesignations 


Combination 

no. 

Grade/Cut 

i 

Prime/chuck 

2 

Choice/chuck 

3 

Good/chuck 

4 

Utility  /chuck 

5 

Cutter /chuck 

6 

Prime/plate 

7 

Choice/plate 

8 

Good/plate 

9 

Utility/plate 

10 

Cutter/plate 

11 

Prime/combination® 

12 

Choice /combi  nation 

13 

Good /combi  nation 

14 

Utility /combi  nation 

15 

Cutter /combi  nation 

16 

Choice  and  Cutter/combination 

a Combination  consisted  of  chuck  and  plate  in  equal  proportions 


in  ground  beef.  Cross  et  al.  (1976)  demonstrated  sensory  panel 
differences  in  texture  (tenderness  and  amount  of  connective 
tissue)  in  ground  beef  formulated  from  different  U.S.  quality 
grades.  We  now  report  a secondary  phase  of  that  study.  We 
evaluated  three  devices  that  were  designed  for  use  on  the 
Instron  to  objectively  measure  texture  in  ground  beef  patties. 
The  different  U.S.  quality  grades  and  cut  combinations  pro- 
vided ranges  of  tenderness,  juiciness  and  connective  tissue  so 
that  we  could  evaluate  any  possible  relationships  between 
mechanical  measurements  of  texture  and  the  sensory  responses 
of  a trained  panel.  We  wanted  to  determine  whether  the 
mechanical  devices  could  accurately  evaluate,  with  respect  to 
human  evaluations,  the  textural  characteristics  of  cooked 
ground  beef  patties. 

EXPERIMENTAL 

GROUND  BEEF  SAMPLES  were  prepared  from  16  different  grade/cut 
combinations  (Table  1).  Carcasses  which  were  selected  and  fabricated  as 
described  by  Cross  et  al.  (1976),  ranged  in  quality  grade  from  U.S. 
Prime  through  U.S.  Cutter  to  provide  variation  in  texture.  Fat  content 
was  standardized  at  24  ± 2%  by  the  addition  of  appropriate  amounts  of 
fat  or  lean  and  was  determined  with  the  Modified  Babcock  procedure. 
The  ground  meat  was  formed  into  75-g  patties  which  were  10  cm  in 
diameter  and  0.95  cm  thick  with  a Hollymatic  Patty  Machine.  All 
patties  were  placed  in  boxes  (4.5  kg  to  a box),  frozen  in  a blast  freezer 
(-30°C),  and  shipped  from  Oklahoma  City,  OK,  to  Beltsville,  MD,  via 
air  freight. 

Cooking 

Patties  were  roasted  from  the  frozen  state  in  a 200° C oven  for  9 
min,  quartered,  and  served  as  hot  as  possible  to  the  panelists.  Patties 
were  allowed  to  cool  for  60  min  after  cooking  before  sampling  for  shear 
and  compression. 

Panel  selection  and  training 

Male  and  female  panelists  were  selected  from  the  scientific  and 
ancillary  staff  of  the  Agricultural  Research  Center,  Beltsville,  MD. 
Panelists  were  selected  and  trained  according  to  the  procedure  outlined 
by  Cross  et  al.  (1978).  Panelists  individually  evaluated  the  samples 
under  red  lights  in  booths. 

The  trained  panel  rated  each  patty  for  tenderness  and  juiciness  on  a 
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Fig.  1 —Single  blade  shear. 


Fig.  2— Circle  blade  shear. 


9-point  scale  (9  = extremely  tender  or  juicy  and  1 = extremely  tough  or 
dry).  Tenderness  and  juiciness  were  evaluated  during  the  first  5 10 
chews.  The  amount  of  connective  tissue  residue  remaining  at  the  end  of 
mastication  was  rated  on  a 9-point  scale  (9  = none  and  1 = very 
abundant  amount).  The  taste  panel  evaluations  were  conducted  over 
eight  3-day  periods.  Panelists  evaluated  six  ground  beef  samples  each 
day  so  that  during  each  3-day  period  all  16  grade/cut  combinations 
were  tested.  In  addition,  two  combinations  were  repeated  once  during 
each  3-day  period.  If  each  panelist  had  been  present  for  every  session, 
there  would  have  been  an  equal  number  (9)  of  evaluations  by  each 
panelist  on  every  ground  beef  combination.  In  the  “ideal”  panel  situa- 
tion each  combination  would  have  received  144  evaluations,  but 
panelists’  attendance  was  not  perfect.  Three  panelists  had  fewer  than  50 
evaluations  and  averaged  120  evaluations  out  of  a possible  144.  To 
avoid  problems  in  statistical  analysis,  created  by  a side  disparity  in  the 
number  of  evaluations,  we  eliminated  the  data  from  these  three  mem- 
bers. 

Mechanical  measurements 

Shear  and  compressive  force  tests  were  carried  out  with  the  Instron 
Universal  Testing  Machine  (type  TM).  Two  shear  and  one  compression 
devices  were  adapted  to  the  Instron  machine.  The  rate  of  crosshead 
descent  for  all  three  tests  was  25.54  cm  per  minute.  All  test  cells  were 
manufactured  in-house.  The  single  blade  shear  (SBS)  device  used  in  this 
study  (Fig.  1)  consisted  of  a rectangular  dull-edged  blade  6.00  cm  wide 
and  0.11  cm  thick.  There  was  a 0.04  cm  clearance  between  the  shearing 
edge  of  the  blade  and  the  corresponding  edge  of  the  hole  in  the  base 
plate  where  the  shearing  action  occurred.  Two  cooked  patties  from 
each  grade/cut  combination  were  tested  with  the  SI1S.  Kach  patty  was 
cut  into  four  equal  sections  (3.15  cm  square  x 0.95  cm  thick)  to  give 
eight  samples  per  combination  ( fable  1 ). 

I he  circle  blade  shear  (CHS)  device  d ig  2)  was  similai  to  the  slice 
tenderness  evaluator  (SI  I ) described  by  Kiilwich  el  al  (1963)  and 
Segars  et  al  (1  975),  except  that  the  CHS  device  did  not  ha ve  a mei  ha 


nism  to  puncture  the  sample  prior  to  shear.  The  CBS  device  consisted 
of  a flat  plunger  or  coin  shaped  device,  2.52  cm  in  diameter  and  0.72 
cm  thick,  that  sheared  a sample  placed  over  a cylindrical  base.  There  was 
0.01  cm  clearance  between  the  shearing  edge  of  the  device  and  the 
corresponding  edge  of  the  hole  in  the  cylinder.  Two  cooked  patties 
from  each  grade/cut  combination  were  tested  with  the  CBS.  Each  patty 
was  cut  into  three  cores  (3.81  cm  in  diameter  x 0.95  cm  thick)  to  give 
six  samples  per  combination  (Table  1).  Data  were  recorded  for  maxi- 
mum shear  force  (SBSHFAR  and  CBSHEAR)  and  for  work  or  area 
under  the  peak  curve  (SBSARFA  and  CBSAREA). 

The  compression  device  consisted  of  a flat  plate  (9.68  cm  x 10.16 
cm)  and  a pedestal-like  device  7.62  cm  in  diameter  and  0.65  cm  thick 
(Fig.  3).  A core  (3.81  cm  in  diameter  x 0.95  cm  thick)  was  placed  on 
the  plate  and  the  force  required  to  compress  the  cooked  ground  beef 
core  to  one-half  its  original  thickness  was  measured.  Eight  cores  were 
from  each  of  two  patties.  Ten  consecutive  “strokes”  or  “chews,”  were 
made  on  each  of  the  eight  cores  to  give  a total  of  80  readings  for  each 
grade/cut  combination  (Table  1).  Plots  (not  shown)  of  compression 
force  (COMFORCE)  versus  stroke  number  (1-10)  for  each  core  within 
a combination  were  obtained.  COMFORCE  tended  to  steadily  decrease 
from  the  first  stroke  through  the  tenth,  with  the  rate  of  decrease  be- 
coming less  with  increasing  stroke  number.  For  any  given  combination, 
a relatively  consistent  difference  existed  between  the  COMFORCE 
plots  of  the  eight  cores.  Examination  of  these  plots  indicated  that  for 
each  stroke  the  average  value  of  COMFORCE  of  the  eight  cores  was 
meaningful  in  describing  the  relationships  between  COMFORCE  and 
stroke  number.  For  purposes  of  statistical  analysis,  we  chose  to  average 
COMFORCf  over  all  cores  and  strokes  for  each  combination. 

The  overall  average  lor  sensory  panel  evaluations  were  used  for  each 
grade/cut  combination,  so  there  is  one  observation  tor  each.  The 
average  for  each  combination  was  the  best  estimate  of  the  "true”  panel 
lesponse  In  this  sliulv,  mu  piimaiv  inleiesl  was  that  “line,"  vel  un- 
known, I espouse . I lie  lalloiiale  was  Sllllll.li  loi  Ihe  use  ol  the  avemgr 
iii.it  h me  leading  In  I epi cm  lit  eat  h 1 1 iinbm.il  loll 

I ext  C(iiilinui)d  on  /)tiye  I !>  1 2 
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Fig.  3— Com  iressi  in  device. 


Statistical  analysis 

Results  of  this  study  appl}  onl)  to  the  average  panel  responses  and 
to  the  average  readings  obtain  d fr<  m the  Instron  machine  and  do  not 
necessarily  represent  evaluatio  s by  a single  panelist  or  a single  machine 
measurement.  We  used  the  ste  wise  regression  procedure,  described  by 
Draper  and  Smith  (1966),  to  selec  the  best  regression  equations.  We 
also  investigated  results  fron  the  forward  selection  and  backward 
elimination  regression  procedi  res  c ? Draper  and  Smith  (1966).  Those 
two  procedures  usually  prodm  ed  tl  e same  regression  equations  as  the 
stepwise  procedure.  Instron  res  dings  were  used  as  independent  variables 
and  sensory  panel  traits  as  def  ende  it  variables.  The  appropriate  levels 
of  significance  were  set  at  5%  Re*  ression  analysis  was  used  solely  to 
indicate  which  combinations  if  Iir.tron  readings  were  meaningful  in 
predicting  sensory  panel  traits  We  place  no  particular  importance  on 
the  specific  values  of  the  part  al  regression  coefficients  and  have  not 
included  them  in  our  results  am  I disc  rssion. 

RESULTS  & L ISCUSSION 

CROSS  ET  AL.  (1976)  reported  significant  differences  at  the 
5%  level  of  significance  betwet  n the  16  grade/cut  combina- 
tions for  panelist  evaluatior  s of  tenderness,  juiciness  and  con- 
nective tissue  (Table  1).  Risulti  of  analysis  of  variance  (not 
shown)  indicated  that  the  mears  of  the  16  combinations  dif- 
fered at  the  5%  level  of  signific;  nee,  for  each  type  of  Instron 
measurement.  Evaluation  o'  the  relationship  between  paya- 
bility characteristics  and  Instron  readings  begins  with  the 
simple  correlation  coefficients  in  Table  2.  SBSAREA  and 
SBSHEAR  were  most  highly  correlated  with  sensory  panel 
scores  for  tenderness  and  conne  dive  tissue  amount.  The  rela- 
tionship between  compression  force  and  sensory  panel  traits 
was  low  and  nonsignificant. 

In  the  first  set  of  regression  analyses,  all  five  Instron 


Table  2— Simple  correlation  coefficients  of  the  Instron  readings  and 
palatability  characteristics 


Instron 

Palatability  characteristics 

Tenderness 

Juiciness 

Connective 

tissue 

SBSHEAR® 

-0.88** 

-0.58* 

-0.92** 

SBSAREA® 

-0.89** 

-0.52* 

-0.93** 

CBSHEAR® 

-0.76** 

-0.56* 

-0.78” 

CBSAREA® 

-0.82** 

-0.47 

-0.86** 

COMFORCE® 

-0.19 

-0.14 

-0.08 

® SBSHEAR  = 

single  blade  shear;  SBSAREA  = 

single  blade  area; 

CBSHEAR  = 

circle  blade  shear;  CBSAREA  = circle  blade  area;  and 

COMFORCE 

= compression  force. 

* Significant  at  the  P < 0.05  level. 

**  Significant  at  the  P < 0.01  level. 

Table  3— Overview  of  regression  analyses  with  all  five  Instron 
readings  as  potential  independent  variables 

Dependent  variables®'13 

Independent 

Connective 

Instron 

Tenderness 

Juiciness  tissue 

SHSHEAR 

X 

SBSAREA 

X 

X 

CBSHEAR 

X 

CBSAREA 

X 

COMFORCE 

X 

X 

RJ  (%) 

92.6 

33.2  95.7 

S.E.E. 

0.312 

0.235  0.329 

® An  "X"  indicates  the  independent  variables  that  were  ultimately 
selected  by  the  stepwise  procedure  when  the  appropriate  levels  of 
significance  were  set  at  5%. 

b The  overall  senspry  panel  average  evaluation  and  average  Instron 
reading  were  used  for  each  grade/cut  combination.  Consequently, 
there  is  one  observation  for  each  combination. 


readings  were  considered  as  potential  independent  variables 
(Table  3).  The  Instron  readings  explained  92.6%  and  95.7%, 
respectively,  of  the  variability  of  tenderness  and  connective 
tissue  amount.  The  low  R2  for  juiciness  apparently  reflects  the 
inability  of  the  Instron  shear  and  compressive  force  measure- 
ments to  meaningfully  correlate  with  sensory  juiciness. 

In  stepwise  regression  analysis,  the  resulting  equation  is 
highly  dependent  upon  the  specific  potential  independent 
variables  that  are  submitted  for  analysis.  Any  changes  in  the 
number  and  type  of  potential  independent  variables  can  result 
in  different  equations.  Because  of  this  situation,  different  sets 
of  independent  variables  were  used.  Overviews  of  the  results  of 
these  analyses  for  tenderness  and  connective  tissue  amount  are 
provided  in  Tables  4 and  5,  respectively. 

In  Tables  4 and  5 use  of  area  readings  in  combination 
(SBSAREA  and  CBSAREA)  usually  gave  slightly  higher  values 
of  R2  than  use  of  shear  readings  (SBSHEAR  and 
CBSHEAR)-equations  2 and  6 versus  equations  1 and  5.  The 
same  situation  existed  when  a third  Instron  variable 
(COMFORCE)  was  added— equation  4 versus  equation  3 in 
Table  4-and  the  values  of  the  R2,s  were  not  markedly  in- 
creased. 

For  readings  from  either  the  single  blade  or  the  circle 
blade,  either  the  area  or  shear  values  are  meaningful  alone,  but 
not  together.  That  finding  is  a direct  result  of  the  high  correla- 
tion (not  shown)  between  shear  and  area  readings  from  the 
same  device. 

Some  plots  (not  shown)  of  Instron  readings  versus  palata- 
bility characteristics  indicated  that  the  relationship  was 
slightly  curvilinear  and,  therefore,  suggested  that  the  squares 
of  those  readings  might  improve  the  regression  equations  (data 
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Table  4— Overview  of  regression  analyses  for  sensory  panel  tenderness 
Independent  variablea'b 


Eq 

SBSHEAR 

SBSAREA 

CBSHEAR 

CBSAREA 

COMFORCE 

R2  {%) 

S.E.E. 

1 

X 

X 

84.0 

0.440 

2 

X 

X 

84.3 

0.436 

3 

X 

X 

X 

90.4 

0.356 

4 

X 

X 

X 

91.6 

0.333 

a An  "X"  indicates  the  independent  variables  that  were  ultimately  selected  by  the  stepwise  procedure  when  the  levels  of  significance  were  set 
at  5%. 

b The  overall  sensory  panel  average  evaluation  and  average  Instron  reading  were  used  for  each  grade/cut  combination.  Consequently,  there  is  one  ob 
servation  for  each  combination. 


Table  5— Overview  of  regression  analyses  for  sensory  panel  connective  tissue 


Eq 

Independent  variablea>b 

SBSHEAR 

SBSAREA 

CBSHEAR 

CBSAREA 

COMFORCE 

R2  (%) 

S.E.E. 

5 

X 

X 

91.2 

0.451 

6 

X 

X 

93.0 

0.403 

7 

X 

X 

X 

95.7 

0.329 

a An  "X"  indicates  the  independent  variables  that  were  ultimately  selected  by  the  stepwise  procedure  when  the  levels  of  significance  were  set 
at  5%. 

b The  overall  sensory  panel  average  evaluation  and  average  Instron  reading  were  used  for  each  grade/cut  combination.  Consequently,  there  is  one  ob- 
servation for  each  combination. 


not  presented).  Squared  terms  were  tested  for  the  different 
regression  procedures.  Results  of  the  regression  analysis,  how- 
ever, indicated  that  the  addition  of  squared  machine  readings 
as  independent  variables  increased  R2  only  slightly.  We  can, 
therefore,  accept  the  basic  machine  readings  as  adequate  for 
the  regressions. 

The  shear  force  devices  that  we  used  for  characterizing  the 
texture  of  ground  beef  patties  were  acceptable  and  gave 
readings  that  were  highly  correlated  with  the  sensory  evalua- 
tion of  patties.  They  were  easy  to  use,  allowed  rapid  testing  of 
many  samples  and  required  relatively  small  samples. 
SBSAREA  accounted  for  79.2%  and  86.5%  of  the  variability 
in  sensory  panel  tenderness  and  connective  tissue  amount, 
respectively  (r2,  Table  2).  Regression  equations  for  data  from 
three  Instron  measurements  from  three  different  devices, 
accounted  for  92.6%  and  95.7%  of  ihe  variability  in  tenderness 
and  connective  tissue  amount,  respectively  (Table  3).  The  best 
two-variable,  two-device  equations  accounted  for  84.3% 
(#2-Table  4)  and  93.0%  (#6-Table  5)  of  the  variability  in 
tenderness  and  connective  tissue  amount,  respectively. 

The  use  of  more  than  one  device  gave  meaningful  increases 
in  R2  with  associated  decreases  in  the  standard  error.  Measure- 
ments of  the  area  under  the  peak  curves  for  shear  forces,  as 
measured  by  the  circle  and  single  blades,  seemed  to  offer  the 
best  compromise  between  the  use  of  only  one  device  or  the  use 
of  three  different  devices. 
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